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A NEMATODE-DESTROYING PHYCOMYCETE FORMING 
IMMOTILE SPORES IN AERIAL EVACU¬ 
ATION TUBES 

Chakles Dreciihlek’ 

A new U(*inatode-(lestroyin<>‘ funp^us which offers unusual features both 
ill its ]>arasitie development and in its asexual repnxluction was obtained 
from partly deeoiui)osed leaves of the red maple { Acer ruhruni L.) that were 
taken, on Aup-ust 27, 1044, from a thick mat of deeayinpr foliap'e bordering 
a pond several miles north of Oeorp:etown, Delaware. At*tlu^ time the collec¬ 
tion was made, tin* mat, about 20 cm. in depth, held only such^moisture as 
luul been absorbed from the pround, Outfits low ])osition must have exjmsed 
it to tloodinp whenever the jioud was swollen by rain. In a(*cordance with 
routim‘ procedure small (pmntities of the friable detritus were added to maize- 
meal-apar plate cultures already thorouphly overprown with either Pylhiuin 
uUimum Trow or P, undulaium Petersen sensu Dissmann. Durinp the en- 
suinp two weeks various forms of animal life, includinp nematodes in larpe 
})art referable to the penera Avrob(’Ioi<lcs, Aphch nchoidts^ PUctiiti, ami 
Phaixlitis, imdtiplied freely in the cultures. The abundant (‘ehvorms soon 
were attackeil by several widely distributed i>arasitic and pn‘da(*eous hy- 
phomycctes smdi as Arihrohairys oHijaspifni Fres. and Hnrpttsponum unguil- 
luldi L(dule. Somewhat later, 19 days after the plantinps had been made, the 
new parasitic funpjiis was first observed in small (piantity in (»ne of the plate 
cultures, Afttu’ward it came to lipht also in more than a ilozen other cultures 
of the same series. In all the cultures it attacked only a siuple species of eel- 
worm whi<‘h Dr. (t. Steiner has kindly identified as a species ol‘ Acrobeloidf s 
clearly distinct thouph not widely different from A, huischlii (De Man) 
Thorne so prevalent in the vicinity of Washington. D.\\ 

The attack of the funpus bepins with the adlu^sion of one or more of its 
conidia to the intepument of a susceptible animal (tip. 1, a). Each of the 
adherinp conidia puts forth a perm tube which maintains a wiilth of ap]>roxi- 
mately 1 p in penetratinp the host cuticle and in passinp throuph the muscu¬ 
lar body wad. When the body (*avity is reached the perm tube immediately 
wi<lens out in the umniuT of a pestle (tip. 1, b). The entire ]>rotoplasmic con¬ 
tents of the conidium then miprate into the expanded tip {tip, 3, a, b) to form 
a plobose biul which soon detaches itself as a younp thallns ready for para- 

1 Pathologist, Pitision of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Tudustry, Soils, and Agricultural Engineeriitg, Agricultural Research Administration, 
r, S. Department of Agriculture, Plant Industry Station, Reltsrille, Maryland. 
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siti(' jrrowtii; the empty iutVetlon tube theren])Oii beiiu^ nearly always lost 
to view, thoii^^li the enj])ty ('onidial envelope may often be seen affixed in 
mueh laler staj^es 4, a; 33, a, b, e). 

The yoiuijr tJiallus, loose withiji the body cavity of the host, jrradually 
elonj^ates despite the freipiently rather active bustlin<r to whi(di it is sub¬ 
jected by the animal’s nndiminisbed locomotion. ^V]^en its lenj^tli has come 
to exce^vl its width 3 or 4 or 5 times a cross wall appears in the middle, divid- 
iii»i' it into 2 sube(jual cells (fi^^ 2fl) only slijrhtly lar^rer than the parent cell 
was ori<.dnally. The 2 daughter cells jrrow somewliat in size as they bci-ome 
I'oiinded od' at tie* median septum in j)n‘parino' for disjumdion (fijrs. 2, a; 
30), an event a]>parently hastened a little by the repeated flexural strains 
resnltin^^ from active movements of the eel worm. The sepai’ated unicellular 
bodies then gradually eloie^mte and in due course, like their i)arent, iinder^n) 
iiu'dian )>artitionin^* ami disjunction 31). Itefore lon‘,^ on ('ontinued 
rep<dition of the same developmental setpience. a dozen tliallodit' <*ells are 
to be seen jostled about in loose disorder 32). Far from affecdin^ these 
cells unfavorably, the jostiinjj'st*ems actually to help them in extendim^' their 
distribution len<ithwise within the animal, and more particularly in pushim^ 
tliem slowly through the narrowed portion of the body (uivity wlieia^ the 

Explanation of fi^nires 1- 28 

^iohinior/ut> fminduld, driiwn t{» a iinifonu ma^nificalion with tlu‘ aid of a cannaa 
liH'idh ; « loee. Pio. 1 . Small sja rinnoi of Arnthf loidt .s sj». in carlv sta^t* of infindion 
from !2 adliciiii^ ffmidia. a and h; tho iiifootion tnho fioni h is extended at an aiij^k* 
afl'or(lin|r ;i ^ood vnwv. I^’ko 2. Sjuall sjH'eiiin'ii of Jentht Jo/(h s .sp. ^^ith 2 adli(‘rin^; eonidia, 
a and h, that hM\a» yiidded their ]»roto}dasinie eonteiits to the terminal enlaigenn'iils ^vitliin 
the hody cavity of the host. Fio. li. Small ‘*peeimt‘n of Acruhf hn<hs sp. eontaininjj in it.s 
body ra\ity a nnise])tate thallius whost* 2 eell> are ahout to heeome disiointed. Fin. 4. lk)s 
terior portion of infeeted specimen (U* Acmh* s sp. with an empty sp(»re envelope, a, 
adhering to it extenmlly, ami witli o tlmUcidic cells contained inside of it ; one of the cells, 
l>. havii)jL( just l»e^un to put forth a hyphal outj'rowtli, tlu' other 2 cells, c and d, Imvirig 
<‘aeh completed prodindion of a h>]»hal outgrowth. Fn;. o. barge thallodie cell. Fici. (i. 
'fhallodic cell in course of extending a livphal outgrowth. Figs. 7-9. Thallodie cells witlv 
fully e\tende<l hyt»hal outgiowths. Fn;s. Thallodie cells with hyphal outgrowths 

whose contents are arranged in alternate granular and homogeneous layi'rs, indicating 
cleavagt- int»» sporv's. Fto. 14. Same sporangium as in figure Kl, hut after 3 spores have 
hi'en liberated in a first discharge. Fin. 15. Same sporangium, again, a.s in figure Id, but 
after 2 more spores have be<'U lilM’rated by a second di.schargi*. Puts, lb, 17. Thallodie 
cells with sporauglal hyphat* ready for discharge of .sjion's. Fhn.s. 1K~22. Thallodie cells 
with Mporangial hyplme, iiftt r diseharge of a few spores from each. Fig. 2d. f..arge thal 
Jodie cell \vhos(‘ sporangial hypha has liberated 10 spores, 1 spore being still attached to 
the closed end of tln‘ pmsistent ha.sal ]>art of tubular membrane; the proximal end of each 
spore is distinguished iutoriially by an accumulation of granules. Fig. 24. Rather small 
thallodie cell whose sporangial hypha retains some )>rolopla8m, after it has discharged 4 
spores. Fig. 25. Large thallodie cell whose sporangial hypha retains some pn)toplasm and 
S spores, following the liln'rafum of one or more spores at the tip. Fig. 2t>. Liberated 
spores of more than average size. Fig. 27. Spores that after their liberation have eatdi 
t)u1 forth an adlu^sive protuberance. Fig. 2S. Spores ii ~f\ each of which has ]»ut forth an 
adhesive ]uotuberan<*e while still inside the envelope of the si»oraiigial hypha. 
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oesophaj^eaJ bulb oeoupies nearly the entire lumen of the body wall. Owin^ 
to tlie greater frequency of anterior infections, tlie portion of body cavity 
forward of the bulb is usually occupied earlier than the posterior jmrtion. 
However, development of the funjrus around the yielding; intestine would 
seem to proceed more rapidly than about the resistant oesophagus, for when 
the thallodic cells have attained their definitive number they ar(‘ usually 
found distributed rather eveidy from one end of the animal to the other. 
As might be expected from the manner of multiplication, the definitive num¬ 
ber of thallodic cells—commonly between 15 and 80—is little influenced by 
the number of original infections, but is determined ])rimarily by the size 
of the individual animal liost. 

After their multiplication has ceased the thallodic cells grow in size with¬ 
out undergoing any pronounced change in their elongate ellipsoidal or occa¬ 
sionally subspherieal shape. They increasingly choke the body cavity, yet for 
a protracted [)eriod the animal continues t<» move about with little show of 
distress or ])hysical weakness. In many instances its behavior iMunains seem¬ 
ingly normal even after the total volume of the fungus cells apf>ears approxi¬ 
mately equal to the combined volume of its musculature and organs. Some¬ 
what later, liowever, its locomotion slows <lown trradiially and stops, disable¬ 
ment here being accompanied by inci}>ient evanescence of the ])erij>heral 
musculature. fTsually the body wall backward from the oesophagt‘(d bulb 
begins to fade from view somewhat earlier than the anttu’ior portion of the 
wall. In all cases, certainly, the oesophagus and bulb r(‘sist dissolution far 
better than the intestine or, indeed, than any other fleshy part. Thus, in tlu‘ 
.specimen shown in figure the oesophagus and bulb, though crowd('d from 
their normal position, could .still be clearly distinguished at a stage when all 
other contents had been reduce<l to diaphanous vestiges. Eventually the.se 
durable mus('ular parts also suffer obliteration in some d(‘grei‘, even if in 
more than a few instances they remain discernible when the thallodic I'clls 

Explanation of figures 29-36 

(rohimorhai'it' horriduJa, drawn to a uniform magriifirution with the aid of a ramcra 
Jiicida; ^ 500. Figs. 29, 30. Specimens of AnohcloUh'H sp., caHi infected l>v a single uni 
septate thallus. Fig. 31. Anterior portion of a .specimen of Arrohf foi/hs s]). infected witlj 
3 iiniaef>tate thallodic bodies. Fig. 32. Speeimen of Acrohrloifirs m]>. infected with 12 
thallodic bodies, some continiious, others uniseptate. FiO. 33. Large specinn'n of .Icrr;- 
brloides sp. killed ))y ])arasite, following infection from 3 conidia,, a-c, and den'lojnuent 
of 70 thallodic cells in its body cavity. Fig. 34. Specimen of Acrobi loidvs sp. killed and 
expropriated of contorts through development of 40 thallodic bodies of the parasite; many 
of the bodies have begun to extend sjmrangial hypliae. Fio. 35. Integument (»f a s]»ecimen 
of AcroheloidvH sp. occupied by 34 empty thallodic cells whose contents liavt? bi‘en utilized 
for production of spores; most of the simrangia! hyphae, including the 15 designated by 
the letters from a to o are shown in ascending posture; 4 others, p, (j, r, and s, bfuiig shown 
in submerged positions. Fig. 36. Fifteen aerial sjiorangial by})hne, a-o, Hattened down 
in a moist preparation under a cover glass; these, being the same hyphae a.s those d(‘sig 
anted by corresponding letters in the preceding figure. 
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have manifestly eoncliided their vegetative j>To\vth, to proceed with asexual 
reproduetion. 

Keproduetive development is initiated by tlu‘ extension of a sinj^le stout 
liyphal outgrowth from one end (figs. 4, b; 34) or from a posilioi] close to one 
end (fig. 4, e, d) of tli(‘ individual thallodic eell. To ])rovide material for this 
outgrowth, the thallodh* eell, which during the vegetative stage remains filled 
throughout with dispersedly granular ])rotoplasm (figs. 5* 33), is j^rogres- 
sively cleared of visible contents at the opposite end as if by the enlargement 
of a vacuole (figs. 4, b; (i; 34). The movement of materials ])roceeds steadily 
as the outgrowth forces its way through the host integument to c(»ntiinH‘ its 
elongation externally (fig. 4, c, d). In occasional instances the i>rotof>lasinie 
column in the hyphal outgrowth may temporarily kecj) a slight foothold 
insid(* the elli])soidal envelope (figs. 7-1(1) but as a rule this envelo])e is 
evacuated forthwitli of all living contents. 

A (H)nspiciious chara<*teristic of the hyphal ehmierit is its strong ])nd‘er> 
ence for aerial develoi)ment. Since in agar cultures the host animals habitu¬ 
ally live and feed on rather than under the surface of tlu* substratum, they 
ordinarily suc(uimb on the surfat'c. For the most part, constvjuentl.w tin* 
hyphal elements after emerging from tin* host integument are free to follow 
their natural hent in choosing between submerged, pi’oi'umheut, and aerial 
development. Although some of the hyphae, esp(vially tiios(‘ arising from 
thallodic cells <*overed or laterally Inmuned in by tlieir f(‘11ows, tlnnist their 
way into the agar or grow procumbently <»ver it, virtually all hyphae from 
favorably situated thallodic cells grow ascendiugly into the air, and thus 
collectively offer a bristling ai)]>earance (fig. 35) when viewed undei’ a micro- 
s(‘ope Avith a dry objeedive. 

Soon after a hyj)hal element has attained d(dinitivt* length its contenis 
show siguificaut changes. Tin* granular constituejits of its pvoto)>lasm, whicdi 
during the perical of growth remained rather eviudy tlistrihuted (tigs, (i, 7 ) 
are now brought togethei-at int(*rvals in a st*ries of traiisverse clumps num¬ 
bering usually forn 2 to 11 (figs. 4, c. d ; 10-12). Ifeginning near the tip. lines 
of demarcation, often curving downwani .s<»mewliat obli<juely (tigs. 13, 10, 
17), ap])ear below tin* individual granular clumps, at first b(*iug only faintly 
visible, but gradually becoming more and mon* ilistinet. Suddenly, wilii an 
abrui)t though hardly violent upward movement of the whole stratified 
(‘oliimii, the 2 or 3 or 4 parts delimited by the u]>pci'most lines are pushed 
forward; and as at the same time both their linear arrangement and their 
connections with one another become dismided through hm'kling, they an* 
revealed as discrete spores (figs. 14, 18, 19-22, 24), A])parently tin* neAvIy 
liberated spores are somewhat adhesive, for in instani'es of aerial (lev(*l(»j)- 
nient they flip backward and remain elinging to the shorteue<l liy])ha in an 
irregular cluster. The portions of })rotoplasiu still in tin* hy])lia then undergo 
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further gradual iiidividualizution, and after a period of perhaps 15 to 30 
iniimtes 2 or 3 more spores are abruptly thou/^h jrently pushed forward (%. 
15). Many of the shorter hyplial outgrowths diseharjre only once or twice, 
but tlie lonjrcT hyphae orij^iiiatin^ from the more voluminous thaliodic cells 
(%. 23) may </\\e 3 or 4 jniffs; each successive increment of spores, in the 
case of aerial hyiduie, becoming afri^lutiuated to those already clustered at 
the 1i}>. Sometimes the lowermost spore remains in place, attached to the 
empty hyphal membrane (fip:s. 23; 36, c). The occasional instances where 
several s])()res or, at times, nearly all of the spores remain in alignment 
(fijr. 25) until tlie enveloping’ hyphal membrane disiutefrrates must be held 
to have their explanation in partial or com})lete failure of the discharjre 
mcidianism. 

Thus, in a jjieneral way, the hyphal out^»’rowth functions both as a spo¬ 
rangium and as an evacMuition tube. Its o])eration in the latter capacity, 
however, shows marked pe('u!iarity not merely in the gentle, intermittent 
propulsion of the spores, but also, ami more espt‘cially, in a proffressive 
wastage of the distal j>ortiou of the hyphal membram', throimh which the 
orijriual l<*n<rth (d‘ the membrane may be reduced by more than a half. Tt is 
jkU easily d(‘termined just how this wasta{>*^e is accomplished. As tlie out- 
iL'rowth hc'fore discliarjLre reveals no conspiiMious modification of its apex, 
tlu're is reason to holievt* that the initial rupture of the membrane is not 
usually at the tip, but more often betwe^m the apical and the penultimate 
sjmrc; wiu‘refore it seems probable that in the very bejrinninjj: the tubular 
('uveloi)e is slundened throuj^di removal of a distal portion adnate to the 
apical s}H»re. If the tirst }udflike discharge leaves unoccu]iied a jiortion <vf 
hyphal (*nvelof)e at the new apex, this ordinarily disinte<^rates (piickly, 
th(‘rel)\' further sliortenin^^- the tube. Similar loss of membrane takes plaeo 
with each sm*(*eedin^^ pnfl‘, until discharp* is (‘ompieted. Another peculiarity 
then becomes manifest in that the abbreviated hyjihul membrane is usually 
not left op<‘n at the ti|), like evacuation tubes generally, but is closetl securely 
by a lenninal wall i tijr. 3t), a -o). Where deposition of such a wall is omitted, 
as is fre<jncntly the cas<‘ in specimens snbnierpred in an a^av mount prepared 
for study under I lie mi(*roscop(\ the hyphal membrane and the empty enve¬ 
lope of the thaliodic cell promjdly collapse and ar‘e soon lost to view. Where, 
liowever, the lip of an ascending aerial element has been closetl, the entire 
membranous container, like aji ancient skin bottle, retains its turjror and 
shap(‘ for a ]n‘i3onji'e<l ])eri()d, with the result that the shortened hyplial ele¬ 
ment continues to project ujiward, be^ariiifr aloft its cluster of spores. In fine, 
through closure of its tip the hyphal idement titat previously had served as 
sporaujjium and evmuiation tube is enabled to operate as a sporojiliore. Occa¬ 
sionally hyplial outj^rowtbs in submerjred or procumbeul positions likewise 
become sealed distally, thonj>:h liere it is not evident that any pur[)ose could 
be fulfilled by the contiiiuiujr turjror of the evacuated receptacle. 
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When newly liberated the spores (%s. 14, 15, 18-20, 22-24, 26; 36, a-o) 
are of a Generally cylindrical shape. In the shorter specimens the lenjyth 
scarcely exceeds the width, while in the lonj^er specimens it may slightly 
exceed tAvice the Avidth. Most of the spores are somewhat unsymmetrieally 
rounded or obliquely truncate at the ends; those formed terminally being, 
as a rule, quite readily distinguishable from their felloAvs since they regu¬ 
larly retain the symmetrically rounded apical contour of the parent hy])hal 
outgrowth. All of them lack locomotor organs of any kind, and consequently 
are completely immotile. When brought into contact with a moist substratum 
they undergo incipient germination, each giving rise, often obliquely from 
one end, to a small excres(‘,ence 27) wuth a profile suggestive of tlie pro¬ 
truded iiead of a turtle. Judging from instances Avhere frustration of the 
discharge mechanism has left the spores Avithiu the envelo]>e of the parent 
hypha (fig. 28), the excrescence more often arises from the distal end (fig. 
28, a, c-f) than from the proximal end (fig. 28, b). As might be surmised 
from analogy Avith similar development in other fimgi parasitic on free- 
living terrieolous nematodes, the germ y>rotnberance is strongly adhesive and 
serA^s an important function in attaching the spore securely to the integu¬ 
ment of a prospective host. 

The vegetative development of the fungus can be folloAved no less ('learly 
than its asexual reproduction, OAving to the fortunate circumstance that ani¬ 
mals infected by it suff<*r expropriation of their contents Avitliout showing 
the globiiliferous degeneration through AAhich the invasion of nematodes by 
nearly all parasitic and predaceous forms is often obscured to a troublesome 
degree. While the determination of its morphology and development in most 
particulars thus offers little difficulty, the ta.Kouomic relationships of the 
fungus are not as obvious as might be desii-cd. The general resemldance of 
its thallodic cells to the thalli of various zoosp(>r(‘-producing phycomyceles 
that have been matle known as nematode parasites— VlnjIridium nnhujenum 
Braun (41), Chyirldium zfjotirum (2), Cutennria auguilluhn Sorok. 

(7, 41), Achlyogeion entophyfum JScheiik (40), and Myzovyiium v( rmicalum 
(Zopf) Fischer (11, p. 75; 44) may be cited as examples—immediately sug¬ 
gests that the immotile spores coul<l aatII have been derived through evolu¬ 
tionary processes from some type of motile zoospore. Loss of motility in 
zoospores might, indeed, readily be associated with adaptation to ])arasitism 
on free-liAung nematodes, since the very active locomotion of these ajiimals 
in itself provides adequate opportunity for encounter between host and para¬ 
site, thereby making independent movement of the parasite nnne('essarA% 
Avhile at the same time encouraging strong adhesiveness as a feature of 
primary importance. The immotile spores of the fungus I have described 
(10) as Haptoglosm heferospora can be credibly interpreted as being homolo¬ 
gous AAUth zoospores not only by reason of their original subspherical shape 
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and their violent disehar^e from massive sporanj^ia formed from eiidopara- 
sitie thalli, but by reason further of the persuasive parallelism that is evident 
when their emission of individual ^lossoid infective bodies is compared with 
the emission of a second zoospore stage in diplanetic development of the type 
familiar in Avhlya and Aphanomyces. However the immotile spores of the 
Delaware fungus are not typically subspherical at any time, and do not 
reveal anything suggestive of diplanetism or of any other developmental 
feature especially characteristic of zoospores. In respect to their ambiguous 
morpliology they invite comparison with the acutely pointed tapering im- 
juotile spores of the nematode parasite Protascus suhnliformis Dangeard (8), 
which in sha])e likewise differ very markedly from zoospores, and which in 
manner of germination betray no i)articular homologies of any kind. If Maire 
(29) was able, with soni(* (credibility, to inter])ret the tapering s])ores as 
aplanospores e(jxiivalent to zoospores, it was mainly because the morphology 
of tJie thalIodic sporangium in which they were formed and the violent man¬ 
ner of their discharge, togetlnn* with the morphology of the sexual apparatus 
as(‘i*il)ed by Maupas (30) to P, stfbnlifornns, gave grounds for recognizing 
a possible relationship to the zoosporiferous genera Achhfoycion and My^o- 
cyfiion. Wliile such relationslu}) nughi be held similarly indieated for the 
Delaware fungus by the inultii)li(*atiou and outward morphology of its thal- 
lodic ctdls, parallelism with zoosporiferrous phycomy(!etes generally is not 
well sustaiiied either in the behavior of its hyphal outgrowths or in the inter¬ 
mittent maturation ami discharge of its immotile sjmres. 

What would seem in some measure a departure from tlie usual course of 
development among zoosp(u*iferous phycomyeetes is shown by the Delaware 
fungus in the complete evacuation of undiffercMitiatxnl materials from the 
thallodic cell into a hyj)hal outgrowth ci'rresjmiiding structurally to the 
eva(*uation tubes of various ehytrids and oomy(‘ete.s. Yet however alien such 
transfer of protoi^Iasmic materials, followinl by zoos[)ore or aplanosjmre indi¬ 
vidualization within the filamentous eleiiient, may be to the genera Achly- 
(Kjviou, Myz<H‘yiinm, Profasvius, and HaptifyJoasa, similar movement of con¬ 
tents occurs as a rather commojiplace xwent in the germination of so?ne 
oospojTs. Thus, for example, when the oospores of my Aphatimaya s camp- 
fostylas germinate by the production of zoospore.s, individualization of the 
swarm spores often takes place wholly tvithin the germ hypha (9, p. 340, tig, 
11, d). But while the sporogenous germ hyphae ])rodueed by Aphanomyces 
oospores are habitually extended into any deposit of liquid tvater that may 
be available, the sporogenous hyphal outgrowths of the Delaware fungus 
revival a strong preferem^e for aerial developmei\t wherever their positional 
relationships are not too unfavorable. To this preference, which even by itself 
would need to be r(‘garded as very exceptional in an evacuation tube, are 
added further anomalous features in the curious evaiu^scence of the distal 
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portion of the hyphal membrane during spore discliar^e, atid in the terminal 
closure of the empty proximal portion persistinjr after disehar< 2 :e is completed. 

Most of the features that jiive difficulty in reckoninj>' the Delaware fungus 
amon«’ the zoospore-produciiif*- phycomycetes timl strikin*]: analofries in the 
entomophthoraceous nematode parasite 1 described earlier (10) as Meri- 
stacrum a^sterospcrnuim. In one species as in the other the thallodie cells are 
completely evacuated of contents as the protoplasmic materials migrate into 
sporojrenous hyphae that show a strong tendency toward aerial development. 
In both fulled, a*rain, spore formation ])roceeds from the tip toward the base, 
and spore liberation is accom[)anied by ra]>id collapse and eva?iescen(*e of a 
terminal portion of the hyi>hal membrane. The wall which in the l)(‘laware 
fungus closes the em])ty portion of the s})oro'>:enons out’jfrowth offiTs jxood 
corres])ondence with the septum that in M. ast< rosprrtnum proximally <]e- 
liinits the lowermost sporojreuous hyphal sejzment. M. asfvraypfnuuiti, it is 
true, forms its iminotile sjiores not endogenously, like the Delaware fuiiLMis^ 
but in a typically exogenous manner by biirjjceouinji: tlnan forth laterally 
from the siweral individual seo-ments formed thr(»up:h deposition of cross¬ 
walls in the helic(»id distal portion of the sporooenous hyplia. Althou‘/h thest‘ 
exojrenous spores, or conidia, show unmislakal^le ^^eneral resemblam-e to the 
much larger <H)nidia familiar in the insectivorous Entonio])hthoraceae, tli<\v 
would seem more accurately homolojious with the small secondary (‘onidia 
whose ])roduction ])liirally from lar^e ]>rimiiry conidia, following: simultane¬ 
ous emission of multiple steriymata, was first made known by Costantii) (o) 
as a distinctive feature of Ddavvaix'ut con/nafa (Cost.) Sacc*. ^ SydoAv (‘111, 
p. 457) and more recently was als(» observed by Couch (b) as an im'idenJial 
phase iii the develo])ment of his (''oitiihohiflus lin frl(li(fuus. In accordance 
witii such homology the larj^e (*onidium of 1). corouat<i, and, by extension, 
thelarji'e conidia of the Entomophthoraceae |»:enerally, would be morpholojjri- 
cally ecpiivalent to the distal helicoid s))oro<reiions ])ortion of the hy]>hal eh** 
luent thrusi into the air by the indivichud thallodic' se<>n](*nt of 4/, astcro- 
sperwuru. Similar })arallelism, but relating: to endo<renous immotiie spores 
rather than to <'onidia, becomes evident when tin* Delaware* funjrus is com¬ 
pared with Basfdiobolus rauannu Eidani: tin* distal sporocenous j)orti(Hi of 
the hy])hal oiitjrrowth in the former havinji* its mor})holojjrical e(juivah*nt in 
the lar^re conidium of the latter; and the immotiie spores of the former 
corresponding' to the secojidary bodies formed plurally, accordin^^ to Levi- 
solm’s (28) account, within the large conidia of the latter after their ingestion 
by frogs, or often, too, on immersion in a glycerin-peptone-glm'ose (*nlture 
solution. Levisohn discussed the endogenous bodies merely as products of 
multiplication, referring to them ami to their development in language 
(Tochterzellen, Abkommliiige, Darmform, Konidienzerfall, nyi)h(mzerfall, 
Teilung) even less connotative of homologies i)ertaining to reproduction 
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than the term “Phlmellastmliiim” by whieh Raeiborski (88) had earlier 
(lesi<.oiated aj;<i‘re<»ations of similar bodies he found prodneed within mycelial 
se|j:men1s when he frrew B, nfnanim in a culture solution containing ammo¬ 
nium sulj)hate and j>:lucose. Nevertheless in subsetpient text-books on mycol- 
oji’y (13, ]). 118, 111); 12, p. 28;>; 1, p. 115-117; 14, p. 147) the endoj^enous 
Ixxlies have been interpreted as sporan<riospores, and tor the most part Levi- 
soiiiTs findinjrs seem to he eonstrue<l confidently as having established the 
sporan^dal nature of the lar^e conidia common to nearly all known members 
of the Entomoj)hthora(M*ae. It is not difficult to und(Tstand how an investi- 
•rator dcalin*’' at first hand with B. raharum mi^ht well be reluctant to use 
l<*rminolo^»‘y distinjruishin^^ between asexual re])rodiiction and vejretative 
sejiimuitalion, for in that funjrus, under natural conditions, the development 
eorrcspondinji to the formation of endo<jrenous spores in tlie hyphal out- 
^nowlhs of the Delaware parasite takes j)lHee, a])]>arently without much 
spatial separation, in the same milieti—the interior of the froji’s alimentary 
trai't—as the ve^^etative multiplieation t'orresjxmdin*^' in the Delaware para¬ 
site to the r(‘peated fission of younjr thallodie (‘clls inside the body cavity 
of tlM‘ ntuuiit ><h‘ host. The eireumstances making' for eonfusion of the repro¬ 
ductive and vejietative sta»i’<‘s in />. vmuinnn an* wholly absent in the Dela¬ 
ware fniiLnis; so that this funji'us--unless tln^ parallelisms it offers are 
mish‘adin^“—dis]days advantageously what wouhl ap])ear to be the primal 
manner of asexual repro<liietion in the family. The differeiu'C between its 
nnUhod of spoi*e foianation and the nndliod of spoj'e f(n*)nation in M, asttro- 
s^rninihi semns at>proxiniately of the same sort as the diff‘(‘remM* between 
tin* types of asexual sporulation found, r(*s])eetively, in Mucor and Vuin^huj- 
lanndla: though the /.>/r///ae/u/.s-}ike t)artitionim^^ of the sporo^enous hyi>hal 
lip in M. (isi( rftspmnuin has no equivalent in (UininiKjlKniirUn nor, for that 
matter, iu />, cnvunaia and (\ Br(frhiKtnns. ft may be noted that the spor(‘s 
of .1/. (ish ros/irnnnHI put forth nosjxu'ial adhesiv(* j>rot id>eran(*e, but become 
affixed to tin* animal host by means of adhesive material which they exude 
without under^thim- any modificati(U) in outward shape. Ajiain, instead of 
inci‘(*asinji numei’ically by repeated ffssion during the earlier staiivs of 
invasion, tin* infeidive (*ell of M. nsti rospn'iiiuin o*rows into a stout massive 
hyt)ha before division by de)>osition of cross walls takes place ])reliminary 
to disjuin*tion. 

If amon^^ the ^M’oups of ]>hycomycetes mainly emlo[)arasitie on animals 
and re])rodncinir asexually by immotih* aerial spores the Delaware funjius 
is Immji’ht into ali^nmtml with the Entomophthoraceae by virtue of its ready 
tissipai'ous multiplication, it is throu<»h this same feature of vegetative de¬ 
velopment estranged from the Zoopa^aceae; sim*e in the latter family thal- 
haiit* or mycelial disjunction is wholly unkmnvn, and apart from the septa 
associated with reproduction, transverse walls are laid down within thallus, 
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hypha, or germitiatin^ coiiidiinii solely as retaiuinj»: walls to mark sneeessive 
stages in the evacuation of these structures. Then, too, tlie contoits of the 
disjointed vegetative cells show sharp contrast between the sap])y ])roto- 
plasinie matrix and the grannies scattered through it in moderate numbers, 
whereas the denser protoplasmic matrix in the thalli and vegetative liyphac 
of the Zoopagaceae often obscures the granular constituents rather mark¬ 
edly. Although in the Delaware fungus the spores usually do not appear 
spatially separated from the membrane of the hyphal outgrowth within 
which they are formed, their visible movement upward through the lumen 
of the membranous enveloj)e gives ample evidence of their endogenous 
origin. Among the Zoopagaceae, on the other hand, movement of spores 
within the membrane of a parent hyphal element has never been observe<l. 
Except for the empty membranous apiiendages borne on tlie conidia of some 
species, the spores throughout tliat family are indistinguishably fused with 
the membrane originally surrounding them; and after disarti('ulation each 
spore retains the adiiate pin'tion of original membiiine as an integral part 
of its wall. Even the restricted analogy in sporulation offered by th(‘ tlin^e 
catenulate genera of the Zoo}>agaccae is absent in the five zoopagai-eons forms 
that have so far been desc-ribed as jiarasitic or ]>redaceous on nematodes, 
since none of these five forms pnabtce their spores in chains. However among 
the fungi found destructive to nematodes in agar-plate indtures })lanted with 
dc<*aying vegetabh* materials catenulate sporulation v<‘ry similar to that 
known in the Zoopagaceae occurs in representatives of the group of minute 
aerially sfioriferous organisms that have lieen cust(*marily r(‘f<n*nMl to Ar//- 
nonijfccsy though a genus of le.ss ambiguous ajiplicatiou is now available-— 
if the lack of a Latin diagnosis can be overlooked—in Slr( piannicfs Waksm. 
& Henr. (43). These organisms, which from tlnur morphology seem best 
referable to the Phycomycet(‘s, include not only many spCides parasiiit* on 
uematodcs {Bunonvma is attacked especially often ,) hut also sptvics destruc¬ 
tive to various amoebae ,aiid to testac'cous rhi/.oiiods of such genera as 
Eu(}hjpha, Geococriis, Hrliopt riK SphnKxh rin, and Trifi( nta. 

Truly endogenous <levclo])meut of reproductive bodies in linear ari’angc- 
meat within basally attached unbranched filaments occurs certainly in a 
group of curious aiiimal-inhabiting organism.s, s()m(*whal unfamiliar to my¬ 
cologists though presumably referable to tlic Pliy(*omy(*et(*s, of which tlu^ 
first representatives were made known by Leidy (24, 25, 2(1, 27 ) miirly a 
century ago in his onginal descriptions of Enftrohrpu.s rfajans, Enlrnihrifus 
spiralis, Entm/brpus atieuuaf us, Eccrinn louga, and Eccrina iuoni!if(frmis ,— 
all based on specimens found in the alimentary canals of diffenmt arthro¬ 
pods. Enterohryus eleyaus offers particular interest here as it was not only 
found attached to the mucous membrane of the small and th(‘ large intestine 
of its millipod host, Julns fnarginatns Say, but was also observed growing 
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j'roin the exterior of the three nematode speeies— Ascaris infecta Leidy, 
Sfreptosomum aijilc Leidy, and Thelasfosomum aiienuatnm Leidy—infest- 
the cavities of the viscera mentioned. Despite the development of E, civ- 
(ja)is on nematodes, Leidy’s aecount of this orj^anism can hardly be con- 
sidered directly siij?*^estive of the Delaware fnn^iis since in tlie relevant 
ti<i:ures (27, })K 1, %. 1, e, f, i; pi. 4, fijr. 28, b, c) its very few larj^e propa¬ 
gative bodi(‘s, or ‘'secondary cells^’ would seem to be formed through 
O/d/’/^m-like seinnentation; and similar sejiiiientation would likewise seem 
illustrated in the tip:ur(‘s relatinji: to “secondary-ceir' production in E. 
spiralis (27, pi. 1, 4, d) and K. hnuja (27, ]>1. 3, l-b). (.loser resetn- 

hlance to the Delaware I’nnjnis is, however, evident in the illustrations per- 
taininj: to asexual reproduction in some of the organisms more recently 
described, a^uiin fi’om the digestive tubes of arthro}>ods, as members of the 
{.^nuip Eccriuides erecteil in 1903 by Le^er and Duboscq (17) to include 
))esides Leidy’s two ^►■enera the type ‘j:enus ArundincUa (now Arandinula) 
then newly erected by thtmi. This jiroiii), subse(piently aujjrnunited throujrh 
assimilation of Anaa hidiaui ('ienk. (4) and throiijrh addition (18, 19, 20, 21, 
22. 23) <d‘ eitjht new genera, including*: three contributed by Poisson (32, 33, 
34, 33, 3b, 37). was in 1929 i*anked by its authors (22) apparently as a sub¬ 
class (Eccrinideat') in the Phycomycetes under which were subsumed two 
separate' orders, the Kccrinah's with thn*e families and the Amoebidiales 
with one family. Fnun the descriptions and fr^»*ures j^dven by Le«:er and 
Diibosccj and l)y Poisson, the spores of the Kc(*i*inales are formed endo^^- 
enoiisl). The “macro('onidiaof these authors, thou^di apparently corre¬ 
sponding t(» L<*idy's “secoudaiw <‘ells," seem much less sii*:<^‘estive of oidia. 
Where Ihe Fremdi invi'sti^uitors shoAv relatively short thalli in j>rocess of 
forming the small rej)rodiictive bodies <lesi^niated by them as **mierospores.'’ 
as, for e.\am})le, in a s}>crimen of ParaiavtiuUa intermvdia delineated by 
Poisson 1 33, ]). 203, XX, E), it is easy to recojrnize general similarity 
to hyphal (»ut!irowths of the Delaware fuujrns. such as those illustrated 
herein in ti^nr<*s 4, 10, 11, 12, and 13. »Siuce my fnnj^ns has so far not been 
seen to produce any spores of .stnmjrly indurated character, jirouiuls are 
lackin*^ for any comparison with the serialely arranged, transversely ori¬ 
ented, thick-walled reproductive bodies of the Eceriuales, whieh the French 
writers ttuan ‘*s])ores durables,^^ aj»d wdiich Poisson (36, p. 60, 63) took 
occasion to distinjruish from the “t*ysts'’ of Thaxter's Erdi rahrpus cam- 
pnssas (42) as well as from the “oospores” of Ha\iptfleisch s Aslrcpioacma 
lotKfisjxtra i13), a relateil speeies first ]>laced in tlie Saproh*^niaceae but 
latcT (^16) surrendered to the protozoolojjrists. My fun^^us has show^n nothing 
in its sporanji'ial out^^rowths analogous to the t\\]>anded terminal “^land” 
]>resent in some nn'inhers of the Eccrinales, which by breaking' down permits 
apical liberation most nsuaily of mierosjmres; and tlie disintegration of its 
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s]>()rau<’ial membrane seems too ra]>i(l and disorderly' to afford any very elose 
parallelism with the manner of dehiseenee by lateral apertures that ot-eurs 
amon»' the Eeerinales more es]ieeially in the liberation of maerospores and 
ivstin^»^ spores. Further, the wel]-develo]>ed endoparasitie thalhxlie eells of 
my fnn<His have no reeo^'iiizable etpiivaient in the Ee(*rinides, as the tubidar 
flialli of those oro:anisms are only slij»htly inserted into the host tissues, more 
or less after the manner familiar in tlie jrenus Harpochytriion La^erheim; 
while Asellaria fV/aZ/er///, a someAvhat related braiK'hiim' ])arasit(‘ deserilaxl 
by Poisson (87) from the intestiin^s of isopods has no attaehment at all. 
Produetion of amoebos[)ores in addition to immobih* s])ores, such as oetuirs 
in AiHO< hidiiim payasiiicum Fienk. (4), where a(*(*ordin<i‘ (^ienkowski’s 
aeeonni the amoebosj)ores after tlieir eneystnnmt may form several <*nrved 
immotile spon‘s endo^'enously, is wholly alien to my fnnjjins. This distinetiv(‘ 
tyi)e of reprodiietion, whieh led lUit.seldi (8, p. (ill-till) and Miiu'hin (81, 
p. 818-814) to subsume A. paraaiticum under th(‘ Protozoa, is p!'(‘s(‘nt in the 
<i‘enus Payamovbidium lie**-. & Dub. (28) to the exrlusion ot endospori* for¬ 
mation; and thoujrh ab.sent throujii'lKuit the order Keerinales is held to be of 
primary sipiiti(‘anee iti eonsiderations touchin<i‘ the fundamental (duiraeter 
and taxonomi(‘ relationshij)s of tlH‘ entire j*roup. 

'fhe Delaware ])arasite, as has been intimated, a|)pears [)(‘sl interpreiable 
as a priinitivt* member of the Entomophthoraeeae. To provide a suitabh^ 
place for it, a new ‘•enus is pro])osed luider a name eompouiided of two words 
meaninji' '‘fertile'’ and “Jiaii*/’ respecti\ely. 

Gonimochaete Drechsler, ^eu. nov. Parasitus intra animalia ^iventia 
cresceus; eellulis nutritis juveniiibus ejus septo in duos lomdos identitlem 
se dividentibus, his kxmlis inter se disjunjrentibus, itacpie stato assumenti 
postrenio ex eorporibus unieellularibus disjunetis inc(»loratis eon.stante; ))(»st 
mortem aniuialis (‘orporibus vul^»'o jrlobosis vel ellipsoidius. (pi(X{ue omne 
})roloplasma tradente duni hypham fertilem extra iiitej»uuientun] saejx* in 
aerem rarius in materiam .subjac'cntem vel ambi(*ntem ))roferente; (punpie 
fertili hy})ha sporas irnmotas ii)e<)ioratas in unicam s(n*it‘m pmiitus ;i-i‘.rnent<‘ 
denique eas exj)ellente simul nnmibrana ipsius in i)arte superiore evanes> 
ceute, tarnen parte inferiore as<'etnleiite sursum muro i-lausi saepe ])aulo 
lonjrins pei’sistente. 

Parasite jn-owin*.** within minute animals, its assimilativ(‘ cells early iji 
development repeate<ily be('omin^’ divided by a ('ross-wall. and the two se^^- 
meiits in eacli instance separating from one anotluu’, so that eventually th<‘ 
vej^^etative state <‘onsists of disjointed colorless uni<*ellular bodies; the Ixxlies 
commonly globose or prolate ellif)S()iilal in shai)e, each of them yieidinjr all 
its protoplasm in puttinjr forth a tilamentous hypha which after emer^iu^^ 
from the host inte<;ument most often projects into the air, though at times 
creepin<r over or extending? into the surrounding^ material; eatd) hypfui pro¬ 
ducing* internally a row of colorless immotile spores, tlien expellin^^ tliem 
while simultaneously the upper portion of hy[)hal membrane (‘ollapses and 
vanishes, thoujrh the lower portion often be<?omes (dosed by a distal wall and 
then persists some time longer in an ascending posture. 
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Gonimochaete horridula Dm-iisler, s]). iiov. ('orpora assiimentia in- 
colorata, iimlta (sae})iiis 15-80) in vermiculo iiematoideo oriuuda, in niatnri- 
tato ^lobosa vel elonjiato-ellipsoidea, plernimpie p lon^ja, 5.5-10.5 \\ 
(*rassa, ])rini() protoplasniatis disp(‘rse ^rannlosi re])leta, deiiide ox nno 
oxtreino hyphaiii fertilom proniitteiitia ita(jue omnino so oxiiianientia; hypliis 
fertilibns iiioolorati.s, vul^o plernni(|uo asoondenlil)Us (ita(pie oonjumdiin 
horridulis), 10-100 ^ 2.8-5 j.j erassis, 2 12 sporas iniinotas intiis 

jiiji'nontibns^ binas vol torrias voi <juatoniias lonitor oas doiude oxpolloiitibns, 
postronio (*as apioo clausa partis iiilorioris vaciiae 5-80 p loii^ao sustijieuti- 
bus; s])oris iiu^oloratis, (‘yliudracois, utrinujiie iiiao(pialitor rotmulatis vol 
<)l)li(|no rotumlo-truuoatis, 4-0.5 Jonjxis. 8-4.2 ji erassis, dojectis «^oinmam 
jjrintinosaui 1.5-2.5u lonjraui 1.5 2 crassaiu saopo obJi(jno ex iino extroiiio 
oiiiittoutibiis. 

Habitat in Aerobe loifh o sp. iji foliis Ac( ris nthri pntres<*entibns propo 
()r(‘oi’;j-otOAvri, Do I aw a I'O. 

Assimilative bexiios colorless, often developing in numbers from 15 to 80 
in an individual nematodi* liost, when full <?rown mostly (j to 88 p lonji* and 

5.5 to 10.5 [1 \vid(‘. at first filled with disperse<lly jrranular [u*(»toplasm, oaeli 
later becominj.i’ ('omj)letely (‘vacuatod in ^ivin*** rise from oik* end to a sinjrh* 
hypha; flu* hy])liae (‘oiorlo.ss, often mostly aseejidin^^ (and tlnis (*olle<‘tivoly 
offering! a bristling- a]>peai‘antK‘), 10 to 100 p Ion;:, 2.8 to 5 wide, individu¬ 
ally produein^* 2 to 12 immotile spores internally, then expellinjL^ th<*m 
weakly mostly 2 or 8 or 4 at a time, and afterwards often holdin;*' them aloft 
at tlie (dosed tip of an empty lower part 5 to 80 \i in lencth : spores colorless, 
cylimirieal, mostly ratht*r irr(*‘.:iilar!y roiind(*d or somewhat ohli(iiiely trun¬ 
cate at both ends, 4 to th5 p lon;r, 8 to 4.2 p wide, each eventually when lyin;^* 
on tin* substratum buddin;:’ forth a bulbous adhesiv<* {)rotuberance, 1.5 to 

2.5 p Ion;** and 1.5 !<» 2 (t wide, usually somewhat ohiipuely from one of its 
ends, 

D(‘stroyiim’ nematodes h(*loii<rin;: To a spe(des of Acrohchfidvs it o(*curs in 
de(*ayin.ir leaves of Ac( r rulnKht nmi' (iie(>r<^-etown, Delaware. 

rxiTED States DEr\VHT.MK.\T ok Ae.RUU LTTuu-: 

I^E j/rs\' 11 . EE. Maryland 
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CYTOGEOGRAPHY OF EMILIA CASS. IN THE AMERICAS 

J, T. Baldwin, elR.^ 

Emilia Cass, is a j>‘eiius of Compositae witli, perhaps, a score or more sj)e- 
cies native to the tropics of tlie Old World. Two species are widespread in 
the American tropics as introduced weeds: E. souchifolia (L.) DC. and E. 
coccinra (Sims) SM^eet. Cytojreojrraphic occurrence of tliese two sjiecies in 
the Americas is considered liere. 

E. souchifolia (fi^, I) is an annual that, under favorable conditions, may 
come from seed to maturity within thirty days. In tlie Amazon Valley this 
species was observed to flower and fruit durinjjr every mouth in tlie year. 
Always the flowers were purjilish |>ink, though the literature indicates those 
of some plants to be reddish. The chromosome number is 2// -- JO, n ^ 5 (tips. 
2-4). The chromosomes were studied in aceto-carmine sm(‘ars of l('av6»s and 
of pollen mother cells. The following: collections—of which s]>ecimens have 
been deposited in the Instituto A^Tondmico do Norte, U. S. National Mu¬ 
seum, and New York Botanical Garden—were examined cytolop’icall\'; 
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1 ObservatioiiH on winch thi« report arc l)a8<‘d were made while the an riter was an 
agent for the U. 8. I)ej)artineiit of Agriculture and were incidental to assiginniuit in 
South America. Appreciation is here expressed to Fidisbertu (Viinargo, Oirector of the 
Instituto Agrondmico do Noite, Belem, Para, for cordial cooperation, to Anna Ferrriz ff>r 
making the drawing of F, fumchifolia, to 8. F. Blake for determining the identitv of a 
specimen of E. coceinm, to the curators of the herbaria of the V. 8. National Museum, 
Chicago Natural History Museum, New York Botanical Garden, and the Universitv of 
Michigan for loans of sjiecimeiis, and to the American Geographical Society for jiermiKsion 
to reproduce the maji. 

The illuatrations are jiublishcd Avith the aid of the Marcus Lucien UnderAvood 
Memorial Fund. 
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Fig. 1. Kntiliu st>nrhi/oJia (L.) DO. iji flower inul fruit from He)t*?u, Faro, lh'a/i1. 
X 0.5. Drawn by Anna Perraz, 
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Tlie species iisuaJly occurs in dry, sandy situations, where it may form 
thick stands. It is not, however, a serious weed; it cannot compete with rank- 
j^n'owing vegetation. 

E. coccinea is likewise annual. Its maturation is less rapid than that of 
E. sonchifolia and, in comjiarison with the latter species, is tetraploid: 



Figs. :2-5, Chroinoao!)U‘a of Emilia. Figs. 2~4, E. snnchifitlia, luitotio and nieiotic* 
(T & 11) uictaphases: n ~ 5. Fig. 5, E. coccinea, mitotir niotapliase: 2/? ::r 20. 

X 2750. 


2n = 20 (fig. 5). It is sometimes planted for its attractive red flowers (Stand- 
ley 1928), as in the Jardim Botanico do Rio de Janeiro {Huhlwin 4r)78: 
2 h ^ 20). Weeds from the following places were examined oytologically: 




Habitat 
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rnited States 

Fort Meyers, L(*e C( 

Florida 


20 

P. (\ Sfatulhu /.>, 


Specimens are in the herbaria mentioned ahovt*. 

E. voccinca, as a. rule, prefers a more fertile and moister situation than 
E. sonchifolia does, and it has a more robust stature; it may be somewliat 
troublesome as a weed. The two species were found growing together at 
Fordlandia, Guajara-Mirim, Manaos. and Belem. Intermediacw between tin* 
species was not observed. Nor in herbarium matei'ial wen^ intergradations 
noticed. The diploid-tetraploid relation may act as an hybridization barrier. 

Observations on these two species are in agreement with the statement of 
Cockayne et al. (1932) relative to the flora of New Zealand : 'Ghe exotics for 
the most part are annuals, occasionally biennials, in form unlike nearly all 
the indigenous species, usually producing a much greater number of seeds, 
with more rapid germinating power and ])robably greater viability. As for 
their liabitats, the exotics affect cultivated ground and such as has been laid 
bare in the process of settlement—they are, as it were, the companions of 


man. 
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Oehse (1931) and Merrill (1943) indieate that whole jiiants of Emilia 
serve in the East as either cooked or raw" food; such use in the Americas is 
not known to the writer. Exc-ept for the de^^ree to w^hich E. coccinea has been 
]>lanted as an ornamental, spread of tlie ^enus in this hemisphere seems to 
have been dependent wdiolly upon chance. Entry of both species was appar¬ 
ently from the Atlantic side (fi«rs. 6, 7). In spite of the fact that suitable 
habitats in the Amazon Valley are at distant ])oints in vast stretches of for- 



Fic. 0. DistriOulioii of /f. sonrhifoVtn in tlu' wostoni h<‘iniR])ht iv: 
JMons exaiiuiuMl (‘vtolojjjit'.MlIy; little cirolos, spociinons in horbnriii. 


est, o<‘eurreii(*e there is rather marked. Movement into the interior has been 
aionji: routes of travel and is in larfre measure reflertion of the extent in time 
and s])ace that man has disturbed the vejictation. Conse({uently, it is not sur- 
prisinjr to find E, sonvhifolia alon^ both the railroads in the Amazon Valley— 
the Bra^miu^a and the Madeira-Mainore, on both tlu^ Belterra and the Ford- 
landia rubber plantations, and alon^ the Amazon. But it is worthy of record 
that at this date the species seems not to occur aion;.>‘ the Rio Nej^ro between 
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Maiiaos and the Venezuelan border, nor alonfr the Solimoes, Puriis, Jurua, 
and Marahon, nor in the rather thickly settled Acre Territory of Brazil and 
the adjacent low country of Bolivia, nor in Matto Grosso about the old towns 
of Corumba, Cuyaba, and Rosario Oeste. Tn due time the plant will doubtless 



F’ig. 7. l)i»tril>utioii of E. covcinva in tho western lioiniN})lu‘ro: hi|^ <‘ir(l(‘s^ 
i*xanihi(‘(l eyiologically; littlo yirck\s, Hpeciim dm in }icrl)nria. 


become established in those places: tlie situations seem favorable, and the 
species has effective means of transport; it was, for instance, one of eijrlit 
Compositae that by natural means covered the twenty-five miles from Java 
to Krakatau, where it entered into the flora (Ridley 1930). 
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As revealed in this study, E. sonchifoUa 6) has a raiig:e from ca. 23 
decrees north to ea. 23 dejurees sontli; E. coccinca (fi?:. 7). from ca. 29 de- 
jrrees north to ca. 24 dei^irees south. IncJiisioii by Small (1933) of Florida 
within the ran^re of E, sonchifoUa is questioned. The species has undoubtedly 
be(*n introduced there, but it seems not to have survived as an integral part 
of tlie flora, whereas E. coccinca is a not laicoinmon weed in southern Florida. 
It is considered that the northern occurrence of the two species is rather cor¬ 
rectly sliown on the maps, but the distribution mapped here for the continent 
of South America is nnu'ely sujrirestive of the actual ran^>'es, for sufficient 
herliarium specimens were not available for study. It is clear, however, that 
E, coccinca has ^he <rreater latitudinal ranjie, which may be cotTelated Avith 
the tetrajiloid nature of this spe(*ies as contrasted with diploid E. sonchifoUa, 
Nevertheless, the distributional areas of the tAvo weeds are too similar, and 
that of the diploid too ^reat, to adduce Emilia to the support of Huxley's 
(1943) statement : “Many widespread weeds of (uiltivated and Avaste lands 
are also tet]*aploid forms, the diploid types havinjr (piite restricted distri¬ 
bution.’' But, of course, one recojrnizes that for purposes of com}>arisou and 
contrast only intrasjiecific ])olyploi(ly usually has much significance. 

SUMMAHY 

E. sfoichifolia (L.) 1)(\ and E. coccima (»Sims ) Sweet are Avidespread 
in the Ann*ricau tro]>ics as introduced weeds. Fourteen collections of one, 
scAcn of the otiuu*, were examined cytolo«ii(*ally. E. sonchifoUa is diploid 
( n = T), 2n -- 10), and E. coccinca is tetraploid (2 h 20). Thoujrh the species 

s(mn‘times ‘irow toLuUher, no indication of hybridity was found either in 
nature or in herbarium material. The diph)id plant matures (piicker, is of 
smaller siz(*, prefers a drier habitat, and has a less extensive north-south 
ran^n than the tetrai>loi<]. 

The Blandy Kxukhi.mental Farm 
Boyce, ^'iiujinia 
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JEROME BOG, A PEAT-FILLED “CAROLINA BAY“ 

Murray F. Buell 

This study presents a description and the dynamic relationships of the 
bojr vegetation characteristic of peat-filled “Carolina bays.” The somewhat 
similar “pocosin” or “bayland” vegetation of the low, flat peatlands of 
eastern North Carolina has been described by Wells (1928, 1932), and by 
Dachnowski-Stokes and Wells (1929). More recently Wells (1942) has sum¬ 
marized onr knowledge of the bog vegetation on the southern coastal plain. 
Yet no previous detailed study has been made of the vegetation of the peat- 
filled lake basins of this area. This paper is the result of such an investi¬ 
gation. It is concerned with a strictly delimited bog area giving a correlation 
of the distribution of the communities with certain physiographic* features 
characteristic of the basin and its peat deposit. Besides the vegetatit)n study, 
further information is added to our knowledge of the “Carolina bays” in 
the profiles showing the shape of the basin and the peat dej>osit which has 
accumulated in it. 

This description of the basin may help a little in explaining the origin 
of a very perplt^xing physiographic feature. The elli])tical depression occu¬ 
pied by this bog is one of a large number of similar basins in tin* region. 
Melton and Schriever (1933) gave the first detailed description of these 
remarkable depression.s on th<‘ coastal plain and suggested a meteorite origin. 
Cooke (1934) and Johnson (1937) have both been critical of this liypotliesis 
and have made other suggestions regarding tlie origin of the bays. Cooke 
believes they were formed by currents in coastal lagoons. Johnson [)ro])t)sed 
a theory of complex origin postulating a combination of artesian springs 
and underground solution causing subsidence together witli lacustrine modi¬ 
fication. All studies pertaining'to the bays have been nv.ently suimnarized 
by Johnson (1942). 

Jerome bog is a perfect example of the “Carolina hays.” It 0 (*curs i)i a 
sandy plain astride the Bladen-Cumberland County boundary line, just 
east of the hamlet of Jerome, North Carolina. It is almost perfectly elliptical 
with its long axis running northwest-southeast. There is a ridge of coarse 
white sand rising to about ten feet above the level of the bog at the south¬ 
east end, diminishing gradually nortliwestward around the margin of the 
bog and absent entirely at the northwestern end. Its height at the southwest 
end has been reduced by wind erosion at some earlier period, much of the 
sand having been blown toward the northeast. The vegetation of the sand 
ridge as well as the sand plain to the west and northwest is the longleaf 

24 




1940J 


BUELL: JEROME BOO 


25 


piue-turkey oak type {Pinus pahistris—Qnercus caieshaei) described by 
Wells and Sliunk in 193L There is some cultivated land west of the bog. To 
the northeast is a swamp into which the bog drains. Bog vegetation occupies 
a small bay just to the east and a low area toward the south. 

The process by which sucli lake basins w'cre filled in by peat must have 
been similar to those described for the few remaining bog lakes in this 
vicinity (Buell 1939). 

METHODS 

JVat p)*ofiles were obtained by sampling the dei)osit at 250'foot intervals 
along both the long diameter and the short diameter of the bog ex(*ept across 
the northwest end where SOO-foot intervals were used. Samples were taken 
with an American Peat Sampler (Davis ty]>e) at one-foot vertical intervals. 
The datum of reference for (‘onstructing the profiles was the bog surface, 
which was assumed to be level. 

Levels were run to determine the corresponding height of the bog at 
the soutlieast end aud at the drainage outlet. An arbitrary bench mark was 
selected half way alo»ig the east side of the bog and a traverse run to the 
southeast end and the outlet res])ectively. At the southeast end a line was 
run away from the hog up over the s^iud ridge while another was run out 
onto the bog itself. Although the unstable surface i»re(*luded accurate level¬ 
ing, this line was (‘ontiniied (JOG feet from the margin. Numerous readings 
were taken from three ditferent }>laces established along this line. These 
readings were of })()ints on the bog surface taken at random. Tiie bog level 
arrived at in each case is the average of the readings so obtained. Similar 
readings were taken on tlie bog .surfac'e 150 feet southeast of the outlet. 

The survey of the vegetation was made along the same transects as the 
j)eat ])rofiles. At each station where borings were taken the s])ecies present 
were listed ami their abundaiu'e recorded using a scale of five. This listing 
and e.stimute of species abundance at eacli station together with general 
observations during tiie course of the field work are the basis of the descrip¬ 
tion and (liscu.ssioii of tlie vegetation which follows. 

TIIK BOU PROFILES 

The basin in which the bog occurs has a broad, shallow shelf at the north¬ 
west end which drops more or less abruptly to the deepest point at the center 
lying in a trough-like dej)ression extending to the southeast end. The profih' 
of the long diameter reveals a broad shelf descending gradually from the 
northwest end for about 2250 feet at which point it is overlain by about 
four feet of peat (fig. 1). Here the shelf ends abruptly in a comparatively 
steep drop to the center which, a thousand feet farther on. is overlain by 
eleven feet of deposits. Semtheastward the basin continues slightly shallower, 
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the bottom risinjr only ‘gradually, until at about 5500 feet from the north¬ 
west end it rises abruptly from a depth of six feet to a low sand bar 750 feet 
beyond. Behind the sand bar is a bog '‘lagoon’^ and fijially the vapid rise 
to the top of the sajid rim whieh reaches a iiiaxinuiin height of ten feet 
above the bog at a point 450 feet beyond tlie margin. Hence the lieight of 
tl>e sand rim above the bog surface is about equal to the greatest depth 
of the bog. 

The ])roliIe alojig the short diameter, that from the east to the west sides 
of the bog, sliows that the deef)er part of the basin is a trough with a broad 
shelf on either side (fig. 2). On the east side of the trough the bottom rises 
in a series of two benclies, a lower, broader one of six feet dejdh, an upper, 
nai-rower one of four feet de[)th. On tlie otlier hand, west of the trough the 
slo])e is (‘oiitinuous. 

For the purpo.se of this present study the bog deposits are classified 
simply as clay, brown peat, and black peat overlying each otlier in that 
order. The i*lay is white and toward the bottom is mixed with varying 
amounts of tlie underlying (*oarse .sand. Toward the top it contains bits of 
wo(m1 and other plant fragments. Tlie brown ])eat differs considerably from 
j)lace to place. It contains varying amounts of partially decom])osed macro¬ 
scopic* fragments and hetM* and there an abundance of logs that occasionally 
are so numerous as to make boring very difficult. Pollen has been well pre¬ 
served and is abundant in this peat. On tlie other hand the black })eat that 
overlies it is very fine, soft and sticky when wet, and dries to a hard, brittle 
mass. It consists of small bits of charred plant fragments and quantities of 
fine ('har(*oal. Pollen is fairly abundant in the lower portion of the black 
peat, but in the uj)per foot it is neith<*r abundant nor well ])reserYed. The 
surface of the bog is a I'ontinuous thick, (*oarse, tough mat of tree roots and 
the roots and rfii/.omes of shrubs. 

Tlie stratitieatiou of these types is not uniform. For instance tJie bla(*k 
peat is much deeper in the <‘enter and on the ea.st side than on the west. The 
surface <»f the ('lay tends to dome up over the deejiest ymint and the d(q>osit 
is 1hi('ker over the west edge of the de])ression than the east. 

The use of the bog surface as a datum of refereiiee may be questioned. 
One gets tin* impression of a yierfeetly level surface in crossing the bog in 
any diiV(*1ion and all evidence accumulated suggests no reason to expevt tlie 
contrary. Levels run six hundred feet out u])ou the open hog at the soutlieast 
end indicated a jnu-fei'tly level surface. Although tiie outlet where the stream 
leaves the hay was found to be 3.() feet beknv tln^ level detiuanined for tlie 
southeast end, the hog surface rises steeply from this outlet. At a point on 
the bog only 150 feet back of the outlet the average of 20 readings taken 
at random showed a rise of 1.5 feet in that short distancf*. 
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THE VEGETATION 

The entire boj? area is covered with a dense growth of slirubs throughout, 
in part as an understory in bog forests but dominating as such over the 
larger part of the bog. On much of the bog the shrubs are relatively low, 
from three to four feet, forming an open ‘^po(*osin'' which includes roughly 
the central and southern portion of the bog and overlies the deepest part of 
the peat deposit. This will be designated the low shrub community in the 
foUowing discussion. Contiguous with this on three sides, east, west, and 
north, is a dense growth of similar but taller shrub vegetation, the tall shrub 
community, averaging from twelve to fifteen feet. This community is exceed¬ 
ingly diifieult to penetrate and one must cut his way through to make any 
headway at all. Throughout both of these areas in which the slirubs dominatt' 
there is a liberal scattering of widely s])aced pocosin pines, Finns Sfrotina 
Michx. Toward the east and west sides and over the whole north end of the 
bog, trees dominate the vegetation. On the east is a stri]) of white cedar, 
Chamafcyparis ihynidcs (L.) B. S. P., on the west the bay forest (com¬ 
munity, and at the north end a forest of pocosin pine. In each of these the 
nnderstory of shrubs is very dense but not (piitc so impenetrable as the tall 
shrub vegetation of the open part of the bog. Along the narrow bog mnrgin 
where the peat and the sand meet there is another distiiud commimity of 
trees and shiuibs. Sphagnum is present throiigliont although nowhere in 
great abundance (see figure 3). 

The communities are rather distiiudive in tneir compi^sition although 
certain species are conspicuous elements of some or all of them. h^)r instance 
Finns serotina and Sinilax Uinrifoiui L. arc universally present, although 
the former assumes a position (jf dominaiu^e in the forest at the north end 
while the latter reaches its maximum development in the densest part of 
the tall shrub, where it very effeetively ties the mass together with its larg«‘, 
long, thorny stems. 

The low shrub ami tall shrub are alike in eonpiositjoii, the latter being 
simply a later stage in the uninterrupted development of the former. The 
low shrub community is in general poorer in species, (kudain herbaceous 
plants, specifically Fieridinm laiinscnlnni (Desv.) Ilieron., Sarracrnia 
]>nrpurea Jj., ami Andrapogon glomcrafus (Walt.) B. S. P. an* entirely con¬ 
fined to this community. Elsewhere herbs are conspicuously absent except 
along the margin. Especially abundant and ccjiitributing as much as any¬ 
thing to the physiognomy of the community is Zcnohia cassinefolia (Vent.) 
Pollard. Chamaedaphne calycnlata (L.) Moench. and Cleihra alnifolia L. 
are also both largely limited to the more open areas, tlie former becoming 
the dominant species locally. The presence of Smilax lanrifolia is impressive, 
its scattered plants adding immensely to the tangle of the eommnnily. 
Clefhra is the least abundant. 
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The taller shrub community represents less disturbed portions of the 
shrub bo^ and consequently a somewhat more mature stage in the develop- 
inent of the vegetation. Here there is a greater variety of species than in 
the low shrub community. The principal shrubs roughly in order of their 
contribution to the composition of the tall shrub community are as follows: 
Ilex liicida (Ait.) T. and G., HmiUix laiirifolia L., Pieris nitida B. and H. 
(locally dominating), Zcnobia eassinefolm, Ilex laevigata (Pursh) Gray, 
Kalmia angustifolia L., Lyonia lignsfrina var. foliosiflora (Michx.) Fern., 
Itea virginica L., and a scattering of Amelanchier ohlongifolia (T. and G.) 
Koemer. Aronia arbitiifolia (L.) Eli., and Viburnum nndnm L. Small trees 
of Acer nibrnm L., Magnolia virginwna L., and Persea ]>Hbescenfi (Pursh) 
Sarg. are very abundant. 

The bay forest represented by a narrow strip along the west side is rela¬ 
tively poorer in species. Here Acer ruhrum and Magnolia virginiana are 
dominant. Vaccinium australe Bmall is the })rincipal understory .shrub. 
Seedlings of Acer ruhrum are abundant. The less common elements are 
Persea pnbiscens. Ilex lucida, Itea virginica, and ^milax laurifolia. 

The white cedar forest is very poorly developed on this bog. It occurs 
as small, isolated stands along the east side and as small clumps out toward 
the center. Fire has recently ^lestroyed sonn^ of them, The tall shrub bog 
grows intimately uj) against each .stand and forms impenetrable thickets 
between them. The principal species associated with the white cedar is Pieris 
nitida. Such white (*edar forests, their origin and successimial status, have 
been described in an earlier paper (Buell & Cain 1943). 

The pocosin pine for<*st at the north end oc<‘urs on a relatively thin layer 
of peat overlying the broatl, gently sloping sandy slielf. The pines are large 
and ('lo.sely cjiongli spaced t() ^u'oduce a definite pine-dominated community. 
The uiuhu’story is made u]) of large shrubs and small trees of the .species 
whi<di ('haracteri/e the tall shrub community described above. 

The bog inargin (*ommunity growing where the peat thins out to the 
coarst* samly soil of the suri’onnding upland includes a variety of shrubs 
lud o(*curring, or if .so very rar(‘ly, upon the bog proper. These are as fol¬ 
lows: Mgrica cerifera L., (tordonia lasianfhus L., Azalea atlantica Ashe, 
Vaccinium crassifohum Audr., Vgrilla racemiflora L., Ihx glabra (L.) Gray, 
Pii ris maritnia (L.) B. and H., and Ngssa biflora Walt. 

DISCUSSION 

Jerome hog repre.stmts an aneient lake that ha.s been filled in with a }>eat 
(bqmsit. Its basin is one of a large number of sneh elliptical depressions 
(Melton and Schriever e.stimate about ]5()0 while John.son believes there 
must be tens or even hundreds of thoii.sands) on the eoastal plain of the 
Carolinas. Many of the smaller ones may never have contained permanent 
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lakes. A very large pi’oportioii of them did and most of these nre now filled 
with peat and support very mueh the same vegetation eomplex as J(‘rome 
bog. Several lakes in various stages of being filled in are still present in the 
vicinity. Tlie process by which these lakes are being filled in has already 
been described (Buell 1939). The peat which is accumnlatiug in thes(» lakes 
today is a black, mucky deposit similar to that in the u))per levels of Jerome 
bog. The color of this deposit is the result of the fires that 0 (*cur fr<*(piently 
on the surrounding bog, the fine charcoal washing into the lake and settling 
along with the unbunied plant fragments. The upi)er foot of the bho'k peat 
may represent peat j)artia]ly burned in situ, for peat fii*es ofleji occur in 
the coastal ])lain bogs. However, since all but the top layer of blatdv ])eat 
has a liberal mixture of pollen and unburned fragments it seems most prob¬ 
able that, with the possible exception of this top foot, it r(‘j)resents a sub¬ 
aqueous deposit. That this is so is further indi<‘ated by the greater depth 
of the black peat in the center and the <‘ast portion of the bog i‘om])ared 
with the west side where the brown peat occurs within two feet or less of 
tlie surface. The ‘^Carolina bay’^ lakes fill in most rapidly on the west side, 
slowest on the east, so that the bog lakes of today lie off center on the east 
side. With this in mind, the distribution of tlie black and tlu^ brown jieal 
sugge.sts that when fires first became common on the coastal plain, i.e., prob¬ 
ably either with the advent of man upon the seem' or at a time of a shil‘t to a 
drier climate, Jerome bog was a lake with but a marginal bog. It might well 
have a[)peared as Little Singhdary Lake immediately south of it appears 
today (see figure 4) or any other of the bog lakes in the vii*inity. It is also 
(dear that the coastal ])lain has never beem conniletcdy free from fin' during 
the entire history of the bog, since small amounts of charred fragments are 
found even to the bottom of the brown ]>eat. 

As far as the present vegetation is concerned then* is no ((ue.stion tliat fire 
is and has been for a long time the dominant fmdoi' con(*erned in the (‘ontrol 
of the communities. Fire-.si'arred pine trunks and cliarred stumps of fallen 
trees are c(mimon. The universal distribution of tlie und(*rlying black p(*at 
testifies to a long-<‘ontinued addition of <*harcoal to tlie a('cujiiulatiiig de- 
})Osit. Yet certain physiograjihic features of the bog are ('orrelated with the 
])revsent distribution-pattern of the communities. 

Tlie shrub communities overlie, in general, the deepest parts of the peat 
deposit extending from the .south end out toward the center and the east 
side (fig. 3). This re])r('s(*nts the path of the mo.st frecpient and most severe 
fires. The prevailing wind is southwest. The probable source of most fires 
is in the vudjiity of the nearest habitation just west of the south end of the 
bog. The low shrubs oiampy the area most commonly swe])t by the fires. 
The tall shrubs rejiresent merely an area that has re(*eived less recent ravages 
by fire and as such a later .stage in the uninterrupted natural smsu^ssion 
on the bog. 
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The loeatioB of tlie white cedar forest is to be explained by a fire of suffi¬ 
cient intensity to have created an open seed bed required by the cedar (Buell 
& Cain 1943). They do indeed occupy an area where occasional fires from the 
southwest end inij^ht be expected to reach their ^n’eatest intensity. 

Tlie bay forest aloii^^ the west side demonstrates fairly well what the tall 
shrub wouhl ultimately lead to were fires to be k(*pt out. This forest is located 
on the west where by virtue of bein^ on the side from wdiich the prevailing 
winds come it is i)rot(*cted from the most intense fires. Any fires which ])ass 



Kki- 4. Arrial <*(nn{n»sito showin^r toward the uortliwcst. 

Jjttle Sin^h'tarv t.ako lies in tin* s<»ut!i central ]>art of tlio area. Its hof;^ margin is widest 
at th(‘ m)rt]iwi'st end. Otlnn* ••('andina ))ays” l)oth larger and smaller dot the area. 
(I'lioto by .\gri<Miltural A«Ijnstnieu1 Administration.) 


through it. fanned by tlie southwest wind, could not liave first reached tlie 
full intensity attained after lieing driven through great masses of highly 
inflammable shrubbery. It is noticeable too that the black peat forms a 
thinner layer here than elsewhere along the east-west profile. 

The })ine forest at the northwe.st end ()eeu|)ies that portion of the bog 
underlain by the broad, gently slo])ing shelf upon wliieli the peat deposit is 
thin. It is like the tall shrub community in composition with tlie exeeiition 
of the abundance and size of tlie pines. The ])ines find conditions more favor¬ 
able here than where tlie peat is deeper, a situation whicli may not bo related 
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to the peat depth alone. They are larger and are numerous enough so that 
the aspect is that of a forest compared with the open shrub bog with its 
scattered trees. Were fires to be kept out, this, like the tall shrub community, 
would become a broadleaf bay forest, since small trees of sweet bay, swamp 
bay, and maple are present throughout. 

The climax forest on the bog is a broadleaf bay forest. In the study of 
the suceessional role of southern white cedar in this part of the state it was 
found that the cedar does not replace itself in the natural course of succes¬ 
sion (Buell & Cain 1943). Persea pubesccnttf the swamp bay, is the tree most 
capable of thriving in the intense shade of the cedar forest. That this ex¬ 
tremely shade tolerant species, common throughout most of Jerome bog, 
would ultimately become the dominant tree of a climax bay forest s<wis 
exti’emely likely. 

SUMMARY 

1. Jerome bog occupies a Carolina bay,^’ one of a very large number 
of elliptical depressions on the coastal plain of the Carolinas. This basiji is 
found to be deepest in the center with a trough continuing southward to 
an abrupt rise at the southeast end. At the northwest end is a broad, gently 
sloping shelf. 

2. The deposit which has accumulated in tliis ancient lake basin con¬ 
sists of white clay in the deepest part, overlain by brown peat with scattered 
bits of charred fragments and, above this, black ])eat containing a higli pro¬ 
portion of fine charcoal. The latter represents either the ]>eriod since the 
advent of man bringing frequent fire or a drier climate, or both. 

3. Fire holds the succession hack so that much of the bog is in shrubs, and 
more severe burnings make occasional generations of southern white cedar 
possible locally. With fire protection the natural course of succession 
throughout would lead to a bay forest dominated by swamj) bay Ptrsva 
puhcsccns. The southern white cedar forest and the jiocosin i)ine forest are 
merely subclimax types. 

North Carolina State (College 
Raleigh, North Carolina 
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THE EFFECT OF COLCHICINE AND ACENAPHTHENE 
IN COMBINATION WITH X-RAYS ON 
PLANT TISSUE—II^ 

Michael Levine 

MATERIALS AND METHODS 

Root-tips ou the bulbs of AlUinn cepa var. ‘'Yellow Globe” were selected 
for this study. These were picked for their ap])roxiniate uiiifonnity of size 
and freedom from bruises aud fungus iufeetiou. In one set of experiments, 
18 bulbs of Allium ccpa var. “Brigham Yellow Globe” sent to me by Dr. 
Henry A. Jones, II. S. Department of Afrrieultnre, w(‘re used. Tlu‘se varied 
little in size, weij?ht, and color. The bulbs used in the winter and early sprinjjr 
germinated promptly when set in water, but the dormaiiey of the summer 
crop was broken by exposure to low temperature ( 2°-"5" G.) for 10-15 days. 
There were 15 st*ts of experiimuits, in each of whieli from (> to 40 onions were 
used. Each set was started Avitli a much larjrer number of liulbs than was 
actually iised, for a small number were discarded durinji: tli(» first days of 
germination because of tht*ir failure to iiroduee a satisfactory number of 
roots. After being weighed and recorded, the bulbs were placed on the 
mouths of (\vlindrieal bottles of 240 ml. cajiaeity filled witli taj) water. The 
water was (*hanged daily and the bulbs washed in running water for a minute 
before they were returned to the jars. 

Ill general, these jilants were kept in water for 3-12 days before^ they 
were transferred to similar jars fille<l with an acpieous solution of 0.01 })er 
cent colchicine in tap Avater. In preparation for irradiation after the colchi¬ 
cine exposure, the roots wei*e waslied in running water and placed on an 
inverted cardboard box, the bottom of whicli was perforated with 7 liolcs, 
each large enough to cradle a bulb. Tlie bulbs were inverted so that Ihe leaves 
or leaf ends were inserted into the holes and the root ends exposed to tiie air. 
The bulbs were then surrounded by walls of moist filter paper to pre\'ent 
drying. 

The x-ray mactiine employetl delivered 95-133 roentgens per minute dur¬ 
ing the different (*xposures made. The voltage w'as 200 KV, 25 MA with a 
filter of 0.5 mm. copjier and 3 mm. aluminum, Tlie distanite from the target 
varied for a given set of onions from 42 to 07 cm. Irradiations were made in 
single exxiosures with a total of 900r, ]500r, or 3000r. The aetual exposure 

1 The first pai)er of this sorii^s appeared jji Bull. Torrty Club 72: 553-574. 

Publication of the il1ustrati(»iis was assisterl hy a contribution from the Monlefiore 
Hospital 
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time varied from 11| to 30 minutes. The time eoiisumed by the irradiation 
varied from 17 minutes to 40 minutes. The non-x-rayed onions in a p:iven 
exi>eriment W'ere removed from their cylinders for a period equal to that 
consumed for irradiation and precautions were taken with these also to pre¬ 
vent dryinir. The position of <‘ach bulb under the x-ray machine w^as then 
recorded, althou^li the portal of the x-ray machine \vas ojien and no cone was 
used, so that the field was considered to be evenly covered by the x-rays. In 
vseveral experiments, eolehicim^ was rejilaced by acenaphtheiie. Cylinders simi¬ 
lar to those used for colchicine were filled with a saturated solution of this 
siibstaiu-e. The wet roots were then j^eutly powdered with acenaphtheiie 
crystals. Many of these adhered to the roots even after they were placed in 
water. Root-tips of Treated and control onions were fixed at definite intervals 
in Bonin’s, (!arnoy’s, and in Fleinmiiijr’s weak solution. The material w’as 
imbedded in paraffin and sections from 5 p to 7;] p in thic'kness were made. 
Flemmin<pr\s triple stain and Ileidenhain’s iron-haematoxyJin were used, 
l-lrilliant results were obtained with safranin counterstained with li^ht green 
<lissolved in oil of cloves. 

(mi’IIlCl.MZED R<X>T-TU*S OF THE ONIO.V 

Root-tips of Allium a pa exposed to eolchicine have been studied by a 
number of investigators, Havas (lt)37a), Kostolf (]t)38a), Levan (1938), 
Mangenot i 1938a,b), Sliimamui'a (1939a), and others showed that eolehicine 
eanses hypertrophy of s(‘edling parts as Avell as roots. While these sAvellings 
\v(U*e referred to as “tumors,” a modifying word lik(? ‘\*ol('hieine” might be 
added to separate this type of growth from jilant ov(n*growths such as crown- 
gall, ])ota1o wart, (*lul)-root, and possibly other ])]ant liyperplasias. 

A serit^s of studies were made in this laboratory on eoneentrations, and 
it was found that the most apjmopriate was apjiroximately 0.01 per cent, 
heransc it ]n*odnced swellings after 24 hours that made it possible to gauge 
macros(*o]>ically the effects of irradiation. 

The ('ffect of the solution was tlnm studi(‘d to determine the time reijuired 
to proiluce root-tip hyj)ertroplues, their behavior in prolonged exjHisures to 
eolchieine, and their reaction on return to water. Three sets of ]n*eliminary 
experiments were made with 18 onions. These bulbs germinated in water at 
room t(‘mperature in 24 hours, and at 48 hours eaeh bulb showed from 2 to 8 
roots measuring from 1 to 2 em.; at 5 days there were from 8 to 35, measur¬ 
ing from 1 to 4 cm. in length. On the eighth day the average mnnbor of roots 
per bulb was 30. Nine (»f these bulbs were jilaeed in 0.01 per cent eolehicine 
and the remainder left in water as controls. In 18-24 hours, small swellings 
began to ap])ear just above the root-tips. At the end of 48 hours the tips were 
defiuitely swollen, measured 1-2 mm. in diameter, and were pointed at the 
extreme apex. Rcuits that had been formed just before immersion in the 
colchicine were transformed into swollen bnlbous or clnh-like structures. 
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Coiitiniied exposure produced no decided increase in tlie size of these hyper¬ 
trophies. The return of the bulbs to water after more than 200 hours in colchi¬ 
cine caused these roots to resume j^rowth in 3-4 days; the jjrrowth started at 
the distal portion of the hypertrophy. Root-tips treated with colchicine were 
fixed after immersion for 6» 18, 24, 36, 48, 72, 96, 120, 144, and 200 hours, and 
at various times after their return to Avater. 

These preliminary experiments were further made the basis for deter¬ 
mining: the time at which the metaphase stajre in cell division appeared in 
greatest numbers, so as better to adjust the time when irradiation would be 
most effective. Although the hypertrophies were greatest at the 48th hour, 
eytological preparations showed that the greatest number of metaphases 
occurred earlier, confirming a report from this laboratory (Levine & Gelber 
1943) that onion root-tips exposed to 0.01 per cent colchicine produced the 
maximum number of metaphases at about 24 hours. 

Untreated onions were not uniform in leaf development and the colclii- 
cine solution alone seemed to have no effect on leaf growth. 

Micro.scopic studies prove<l that the concentration of colcliicine used was 
in itself not destructive to the c*ells, and roots exposed for as long as 200 
hours exhibited only a reduction in the size of the meristematic zone. The 
extreme tip atrophied and many of the cells (*ontained dee}>ly stained homo¬ 
geneous nuclei. Median longitudinal sections of such roots showed that the 
cells were hypertrophied but the zone ot elongation remaiue<l ina(*tive. There 
were areas of celhdar activity that appaiently represented secondary roed 
meristems. The cells in these roots had few, if any, mitotic figures. The cen¬ 
tral or plerome cylinder of cells contained Avell difi'erentiated lundei and 
large vacuoles, while those in the periblem or mid-region and dermatogeii or 
outer zone of cells contained large irregular rinclei. some of which Avere 
densely stained and undifferentiated. Small areas of destriudion appeared 
to be due to tlie colchicine. In these cells, the Avails Avere densely stained witf) 
thesafranin, the cytoplasm Avas plasmoIyz(4, and in some there appeared to 
be fragments of densely staine<l granules possibly of nuclear origin. Cells in 
the branch root initials appeared ipiite normal, willi a number of nuclei in 
mitosis, although the exact stages were not to be tlefinitely established. Tlie 
cells Avere embryonic in nature, Avith large, densely stained nuclei. When 
returned to Avater, the root-tips resumed groAvtli and the bidbs |)rodm*ed a 
number of ncAV roots. 

The root-tips of the control onions groAvn in Avater for the same periods 
appeared normal, A small number of cells were found in all stages of nuclear 
and cell division. 

THE GROSS EFFECT OF (lOLCniClNE AND 900 ROENTGENS 

In a series of 6 preliminary experiments, the effect of a single dose of 
x-rays of 900r on colchicinized root-tips of bulbs of the ** YelloAv Globe^’ var. 
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of Allium cepa were studied. One hundred and thirty bulbs were ^rown in 
fresh tap water from 3 to 12 days. Ei^hty-two were then colehieinized for 
24, 48, 72, 120, 135, and 140 hours. Thirty-two others w^ere irradiated and 
of that number 20 were colehieinize<l. There were 3 or 4 irradiated eoh*hi- 
einized bulbs in eaeli of the 6 experiments. The controls, 98 in number, con¬ 
sisted of non-x-rayed colehieinized bulbs and others that were neither x-rayed 
nor colehieinized. In these experiments, the ^ross eifect of the colchicine- 
treated root-tips were contrasted with those that were colehieinized and 
x-rayed. The ability of tlie colehieinized, hypertrophied root-tip to resume 
{rrowth when returned to water j?ave a ready ocular demonstration of the 
effectiveness of the colchicine-x-ray treatment. When the colehieinized bulbs 
w^ere returned to water, the distal portion of the bulbous tip resumed p^roivtli, 
leaviufi: the sw^elliiig^ behind it. The irradiated colehicdnized root-tips behaved 
differently as described in detail in the report that follows. 

Of the bulbs selected for colchicine and irradiation studies 12 ivere im¬ 
mersed in colchicine for 120 hours after a five-day period of i^ermination. 
Five bulbs w^ere irradiated with 9()0r and immediately thereafter all were 
returned to water. The ^rross differences w'ere studied between the colchici- 
niz(‘d-x-rayed root-tips and those that were treated only with colchicine. All 
the roots of the colchicine-x-ray p'oiip appeared alive but for the pre*sence 
of an occasional flaccid, water-soaked one, yet no outgrowth had taken ])lace 
at the root-ti]:)s (fiji*. 1). Eij-dit days after their return to w^ater the colchicine 
controls produced extensive outgrow'ths from the btilbous ti])s showing’ no 
impairment of tlie ineristem at the tip of the hypertrophy (%. 1, bulb 12). 
The short sw^ollen roots clustered around tlie bulb appear to have elongated 
slijrhtly (bulbs 3, 7) hut no definite* outjrrowth followed. The short bulbous 
?‘(K)t-tit)s <m the ('ohiiicine controls (bulb 12) also failed to resume ^nMwvth 
after the bulbs were rephn^ed in water. This difference in behavior between 
the short and lon^‘ roots has not been explained. 

After germination for five days, 15 bulbs Avere exposed to colchicine for 
72 hours, then irradiated with 900r and finally returned to water. Five days 
later, these bn lbs had a small number of flaeeul roots among; the healthy long; 
ones (fig:. 2) which showed no evidence of having; resumed fjrrowth. The bulbs 
that were not irradiated (fig:. 3) underwent charaeteristie recovery Avith the 
formation of secondary roots. The root.s of another g;rou]) of 24 onions in this 
series of experiments \v<»re expose<l to a similar concentration of colchicine 
for 48 hours. They were similarly irradiated and returned to Avater. EIoa eu 
and one-half days after the treatment there Avas an un(|uestionable resump¬ 
tion of g:rowth of the sAvolleii root-tijis (%. 4). These eolchicine-x-rayed 
bulbs sliow-ed extension of approximately (1.5 cm. Daily measurements 
of the length of the roots, however, show'ed the growHi to be slow and sug¬ 
gested an elongation pnx-ess rather than one due to cellular proliferation. 
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Growth ceased after the sixth or seventh day. Comparison with the controls 
indicated clearly that growth had occurred in the roots which were treated 
only with colchicine (fig, 5). The outgrowth in the control was more slender 
than the portion of the root above the hypertrophy. Roots without hyper¬ 
trophies, apparently new roots, had developed from the bulbs on their return 
to w'ater. Secondary roots were formed, many of which arose from the hyper¬ 
trophied portion of the root. 

The significance of these results made it necessary to further test the 
effects of the irradiation on the 48diour-colchicinized root-tips. In this test 
30 bulbs were used, and after a germination period of six days the bulbs were 
colchicinized for 48 hours, irradiated wdth 900r, and then returned to \vater. 
These were studied daily. The results confirmed the findings observed above. 
Bulbs colchicinized only and returned to w-ater underwent the usual recovery 
with active growth from the hypertrophied root-tips. Long teuuoiis secon¬ 
dary roots were fre<}ii('nt]y developed. Tin* (Hintrol nou-colchieinized bulbs 
that w'ere kept in water for nine days cind were x-rayed simultaneously with 
the colchicinized bulbs showT<l littit* effect after their return to w'ater. The 
roots ap])eare(l to be a<‘tive, tlie tips Avere normal and not twisted, a jdienome- 
noii observed aft(*r exposure to large*!* doses of x-rays. There was, how’ever, 
a temiK>rary arrest of growth. 

Root-tips that were cohdiicinized for 24 hours and irradiated wdth 900r 
grew' after they were returned to Avater. Those that were colchicinized f(»r 
130-140 lioiirs and irradiated reacled like those that Averc irradiated after 
120 hours (*xposiire to colchiioiie. 

Tliese cxjierimeuts show that ex]K)sure to 900r has a temporary retarding 
efi'ect on grow th of root-tips of tlio onion, but tliat Avhen it is preceded by 
(‘xposnres to <'(>l<'lii(Mnc for more than 48 hours, complete inhibition of growth 
is attained Avithout causing immediate death. Root-tips ex])osed to colchicine 
for 48 honi’s followed by ,900r, become impaired in groAvlh with complete 
exhaustion of groAvth 5-7 days after their return to normal conditions. 

CYTOLOOU’AL ( MANUKS INDIM’ED BY COlA’HU'lNE AND 900 r 

Colchicine for 24 hours and 900r. (\)]chicinized and x-rayed roots Avere 
selected at random for microscopic examinatioii from all the bulbs that Avere 

Explanation of figures I'-S 

Fui, 1. HuHis (‘xposed to colchiciiio for 120 hours; irradiation OOOr; returned lo water 
after treatna nt for S davs. Hul)) 12 not irradiated, x O.ti. Fk?. 2. Bul])s exposed t4> eol- 
chieiiK* 72 houi-vs; irradiation 900r; f) days after their return to water. x0.7o. FlO, 3. 
Bulhs from saim* s(‘rit‘s not irradiated, eolehicini/.ed for 3 days; 5 days after tlieir return 
to water. >■ 0.2r>, Fiu. 4. Bulhs ex}»osed to eokdiieine for 48 hours; irradiation 900r; 115 
days in water aftt‘r treatments. > 1, Fig, 5. Bulh<- eolehicinixed for 2 day.s and then 
return(*d to \vat(>r for 11 1 days; not x-rayed, v 7. 

I'lie ptK)tomierogra])hs were made on W. AV. Panchromatic M. ]>lates in a Zeiss 35 cm. 
caiuera. Th(' objectives us(*d were Zeiss 2n, 10, 20, 9(t: e^e juece Homol 1 ; bellows extension 
50 to 100 cm.; filters and B. 
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subjected to these agents. Sections through the periblem were studied princi- 
pallj" because these better exposed the largest number of dividing cells. 

The untreated control root-tips kept in water for 15 days show^ed normal 
cellular structures with a moderate number of nuclear and cell divisions. 
Sections of root-tips made from the bulbs eolchicinized for 24 hours and 
exposed to air for a period of 30-40 minutes (fig. 7), during which time other 
bulbs were x-rayed, presented no marked or recognizable influence of this 
treatment except for the colchicine-induced metaphases. In the ealyptrogen 
or root cap of these root-tips, the nuclei were compact bodies, homogeneously 
stained with Flemming’s triple stain. The dennatogen cells contained meta¬ 
phase stages and occasional late telophases were observed with good spindles. 
There was evidence of fusion of chromosome masses, while the nuclei in the 
resting cells were well ditferentiated and the chromatin was stained bril¬ 
liantly with gentian violet. The chromatin granules were distinct and ap¬ 
peared to be sharply defined as if some contraction or accumulation of the 
material had occurred. The cytoplasm in these cells was stained a faint 
orange. In these preparations there was evidence of a concentration of the 
granular elements in the cytoplasm, forming a close reticulum. There was no 
evidence of nuclear or cytoplasmic injury. 

Under higher magnification (fig. 8), the chromosomes showed lungitn- 
diiial splitting with f(‘w instances of chromosome cliim])ing. The 24-hoiir- 
colchicine-treated root-tips irradiated with 900r were fixed two hours after 
their return to Avater, In these sections there was evidence of marked clump¬ 
ing of the chromosomes in the metaphase stage, althougli chromosomes oci^a- 
sionally separated from tlie fused masses could be recognized as being longi¬ 
tudinally split (fig, 9). A number of proidiases ap])eared in tliesc jirepara- 
tioiLS wliich were apparently normal. A detailed study of tlie <*olchicinized 
and x-rayed root-tij) cells is shown in fig. 10. King-shaped (diromosomcs siudi 
as reported by Manpiardt (1938) and Sax (1941) were not iufref|nent. 

The x-ray (‘oiitrol plants not treated with colchicine but irradiate<l with 
900r (fig. 11) were grown in water for 13 days 3 hours, irra<liated and r<‘- 
turned to water for 2 hours and 40 minutes before fixation. These tips show(‘d 
few metaphases and less marked chromosomal aberrations tlian those treated 
with colchicine and x-rays. The clumping of the cliromosomes was not 
strongly developed and split chromosomes were not infrequently found. 

Root-tips that were eolchicinized for 24 hours and irradiated with 900r 
grew after they were returned to water. Microsco])ically, these ti])s fixed 
eight days after their return to water showed that the cells wer(‘ a(*tive and 
viable (fig. 12). The subsequent history of these roots was not followed in 
detail. Sections of the untreated control roots were normal; mitoses were fre¬ 
quent without any apparent abnormalities, in spite of their exposure to 
water for 21 days. 
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Colchicine for 48 hours and 900r. Boot-tips exposed to colchicine for 
48 hours, followed by irradiation with 900r, were fixed for microscopical 
examination at various intervals after their return to water. These were com¬ 
pared with the root-tips that were x-rayed or colchicinized only and returned 
to water for various periods of time. Serial sections of root-tips were made. 
These tips were fixed immediately after their removal from 44-51 hours 
exposure to colchicine before irradiation. In the root-tips (*oJchicinized for 
48 hours the cells of the elongation zone had become wider and only sli^^htly 
longer and so had produced the characteristic bulge or swelling of the root- 
tip. The number of metaphases was fewer than after the 24-hour treatment 
and the chromosomes appeared to be fused and contracted, while fragimm- 
tatioii occurred. These observations were in ac(*ord with thos(‘ of Levan 
(1988), Shimamura (1939a) and others. There appeared to be a number of 
masses of gentian-violet-staining material in some (*.(dls, most frecpnmtly but 
two. Their subseciuent behavior could be interpreted as giving rise to poly¬ 
ploid lobiilate nuclei. 

The chromosomes in these preparations fre(}uently appeared indistijiguish- 
abJe from those subjected to irradiation and suggested the eft’ect desi^ribed 
by Dustin and his students. The resting nuclei w(*re densely stained. Tlie 
cells were vacuolate and there api)eared to be a more intensely staining 
granular strueture in the cytoidasm. The j>eriph<*ral cells, however, were 
vacuolized and the cytoplasm had a tendeiiey to be staimnl mori^ densely. 
The return of these <'olchi(dnized bulbs to water caused the root-tip to re¬ 
cover, as shown by its renewed ability to grow. The meristemati(* tissue, ]\ow- 
ever, appeared to be less voluminous ami the outgrowth from the bulbous tip 
resulted in a somewhat attenuated structure. Under certain eonditioiis the 
entire bulbous root-tij) be(‘ame elongated before the root-ti]) resumed growth. 
Sections of root-tips from tlie same bulb made 24 hours after their return 
to water showed recovery from the metaphase stasis. Normal t(‘lo])!uises 
occuiTcd although there was some evulence of contraeted, de(*p]y stained 
Jinelei and possibly dead cells. He(*tions of roots from the same bulbs in water 
72 liours after their removal from colchicine showed various figures in 
mitotic stages of development and seemed ap})ar»mtly normal. 

Jiulbs treated in colchicine for 44-48 hours and irradiated with 900r wiu-e 
studied shortly after the x-ray exposure. Tiie root-tips fixed one hour and 35 
minutes after their return to water at the end of irradiation (‘ontained elon¬ 
gated chromosome masses (fig. 33), and bigldy vacuolized cells, some of 
Avhieh enclosed lobulate nuclei. The cytoplasm in these j)reparations appeared 
to be reticulate with densely staining granules lying in the inesliwork. These 
observations v/ere made repeatedly in several groups of bulbs studied. Sec¬ 
tions of root-tips from the same bulbs 48 hours after the coleliicine and x-ray 
treatment (fig. 14) showed slightly elongated, hypertr(>})hied cells, although 




Fkl 11, Root ti]> iii'a<li:itod with yO(tr» fixed 2 hours nud 40 minutes after its return 
io water. \ 2i5(h Fio. 12. Kfuit-tip treated the same as that shown in tigure 9: tixed 8 days 
after return to water. \ 2r)(>. Fi(t. Id, Portion of root-tip exp()H<'(l to eolohiciue 48 hours; 
irradiation 90()r; tixed from wat('r lA hours after irradiation, x dOO. Pig. 14. Seetion of 
root-til) treated as in figure Id; fixed from water 48 hours aft<‘r treatimmt. ^ 250. 
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they appeared to b(^ arran«:ed in re^rular tiers. The nuclei were irregular in 
shape; some were homogeneously stained and indicated injury. Many ruby- 
red-stained bodies appeared, apparently nucleoli; usually two were found in 
each cell. In the later stages, in which the roots were returned to water for 
80 hours, there appeared to be recovery. Nuclear divisions were in progress 
and the intense cytoplasmic vacuolization had now disappeared (fig. 15). 
There was evidence in these preparations that the chromosome number had 
increased, but no chromosome counts were made. The outgrowths from these 
colchicinized-irradiated root-tips after their return to water had reduced but 
normal meristems; division stages were not abundant. The active cells were 
stained like normal meristematic tissue. The formation of se(*ondary root 
meristems was unaffected by the colchicine-x-ray treatment. It seemed that 
these structures were formed after the effects of these stimuli were no hmger 
present; few secondary roots were observeil to develoj). 

Colchicine for 72 hours and 900r. Root-ti])s exposed to colchicine for 
72 hours produced new outgrowths from the bulbous tips which grew unin¬ 
terruptedly (fig. 3). Microscopic studies of the tips (fig. ](i) made 4 days 
after their return to water showed a meristematii-. region of normal eidls with 
a small number of nuclei in division. The periblem c(‘lls were vamiolatt^ a»ul 
some occasionally contained giant nuclei. Tliese aberrant cells w(*re in the 
hypertrophied portion of the root. 

The colchicine-irradiated root-tips made no outgrowth from the bulbous 
tip 96 hours after their return to water (fig. 2). The cells in these root-tips 
were large and vacuolate (fig. 17) with large homogeneously stained nuclei. 
The plerome cells were slightly elongated, and the nuclei though somewliat 
large contained no distinct chromatic grannies. The nucleoli were well differ¬ 
entiated and took the safranin brilliantly. The periblem cells sliowed evi¬ 
dence of injury and maturity. The vacuoles wen^ large and the nuclei slightly 
lobniated. (Irowth in these cells was not followed beyond the fiftli day aft('r 
their return to water. 

Colchicine for 125 hours and 900r. An examination of the outgrowtlis 
removed from the bulbous tip (fig. 3) wJiich wen? produced by an exposure 
to the colchicine for 125 hours and then returned to water for 90 hours 
showed cytologicaJ structures similar to those of normal root-tips with aj)- 
proximately a normal distribution of mitotie figure^s (fig. 18), The ar<'a of 
the meristematic region appeared small. 

The root-tips exposed to (colchicine for 125 hours and irradiated with 
900r were examined microseopieaiiy after liaving beem returned to water for 
90 hours. The cells were hypertrophied (figs. 1, .19); only tlie terminal por¬ 
tion, where the meristem Avould normally be, showed a small (H)llection of 
cells with density stained nuclei; no calyptrogen was present. The periblem 
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Fio. 15. Part of root-tip tn-ated as in fignro 13, fixed after being in water for 80 
lioiir.s. v-''00. Fto. 1(>. Section of root-tip after return to water for »(> lioura; e.vposed to 
eolebieine for 72 lionr.s. y 2o0. Pio. 17. Section of root-tip after return to water for 96 
liours; e.\po.se<l to eolebieine for 72 boiirs followed by 900r. \ 2.50. b’lo. 18. Hoot-tip ex¬ 
posed to eolebieine for 125 luuirs, fixed 90 hours after return to water, x 250. 
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cells wei’e large in size with irregularly shaped nuclei which were well ditfer- 
eutiated. Evidence of unclear lobulation occurred. The cytoplasm was strik¬ 
ingly fibrillar in nature and formed a reticulum which was well preserved 
by the fixative. The cells wwe not dead but evidently showed the influence 
of marked earlier disturbaiices. There w^re no outgrowths from these swell¬ 
ings eight days after their return to Avater. 

Colchicine for 140 hours and 900r. Root-tij)s immersed in (^olchicine for 
140 hours a)id followed by irradiation (900r) Avere fixed approximately one 
and one-half hours after their return to Avater. The meristematic area in these 
roots Avas reduced to empty cells, although a thin lay(T of deeply staining 
tissue below a degenerated root-cap Avas always present. There were some 
active cells surrounding the plerome, although division stages wore not se(‘n. 
The Auability of these roots was repi-esented princij)ally by some few cells. 
Those in the plerome area Avere large Avitli extensive vaiuioles, and the nuclei 
seemed polyploid, for many were lobulate; while otiier cells wei'e biiiucleate. 
The densely stained portions of the root ap])eared to be uuule of ne(*rotized 
cells. Many cells in the }>eriblem contained large vacuoles, Avliile many Avere 
empty. 

The root-tips colchiciuized for 140 hours and irradiated Avith OOOr, Avheii 
examined microscopically after having be<»n kept in water for 48 liours (fig. 
20), contained active viable cells about the lower jiortion of the ])leromc. A 
densely KStained necrotic tissue surrouHde<l this cluster of cells in Avliich the 
nuclei were lobed though densely stained. Large nuclei in iiypertrophied cells 
Avere also j>resent. Many of the cells had normal cytojilasiu ; some had a deli¬ 
cately reticulated cytoplasm Avliile others Avere large and empty. The ])eri- 
blem cells now contained only a few nuclei; most of them w(*re necrotized, 
Avith fragments of deeply stained bodies. Koot-tips from this series, kept 8 
days in water after irradiation, Avere flaccid. The upper portions of these 
roots were alive, hoAvever, for secondary root initials AV(‘re present although 
none seemed to emerge. Irregular spiral thickenings of the vessels Avm*e iioteil 
in the central ('ylinder, Avhilftthe cells of the secondary rout nicrisPMus Avere 
in various stages of nuclear division. The irradiation effcids were entirely 
absent at this peri(Ml. Koot-ti])s taken from bulbs exposed to colcliiciru* for 
140 hours, but Avitb the irradiation treatment omitted, gave evidence of nor¬ 
mal recovery of growth as described aboAT. The up])er part of these roots 
developed normal secondary branches. The roots at this stage of the experi¬ 
ment were in water before and after colchicine, a total of 24 days. 

These results show (dearly that root-ti|)S exjmsed to 0.01 per cent aipieous 
solution of colchicine for 140-200 hours suffer no permanent effect on growth. 
When returned to water they recover, and new primary and secondary roots 
are formed. 
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The colehieinized root-tips irradiated with 900r show that the length of 
eolehieijie exfiosure influences recovery; lonj? exposures (72-140 hours) fol¬ 
lowed by irradiation completely inhibit growth. The colchieinized controls 
make new growtli after their return to water. With shorter colchicine expo¬ 
sures (48 hours and less) growth is still inhibited, yet the bulbous tips pro¬ 
duce outgrowths from their distal portions. Obviously the inhibiting factor 
is not a function of the irradiation (900r), which had only a temporary 
retanling effect, but of the combined result of both agents. These gross obser¬ 
vations are well support(‘d by microscopic evidence. The short colchicine 
ex])osures followed by irradiation left unimpaired meristematic cells, which 
were capable of pro(lu<*ing new growth. The long colchicine exposures 
collided witli 90(lr inliibited and impaired the fundamental tissues and no 
outgrowth (H'curred from the hypertrophies. Irradiated (900r) non-colchi- 
cinized root-ti}>s failed to show the gross and microscopic changes induced 
by the a])plication of both agents. 

THE GROSS EFEECT OP POLrUK’lNE WITH IoOOr OR 300()K 

Thes(* investigations were made on a strain of selected onions of the 
“Brigham Yellow Olohe” variety of AHiinn crpn together with bulbs of the 
^‘Yellow dlobc” variety culled from the open market. These onions were 
gei'iiiinated for 7-8 days after they had been chilled for 12-14 days to break 
llicir dormam'v. The roots of these bulbs were then immersed in an acjiieons 
solution of O.OI per cent colcliicine for various periods. Of the colchieinized 
onions simie were x-rayed and returned to water. A number of bulbs were 
x-ra.\^ed only and an eipial number were treated with neither colchicine nor 
x-rays. 

In one ex]>eriment 18 bulbs of the “Brigham Yellow Globe’' variety were 
usetl. These biilbs weighed from 58 to 94 g. and germinated uniformly eight 
days after they were ])la(*e(l in water; the number of roots which each pro¬ 
duced varied. Leaves ilevelopeil on all bulbs with only slight differences in 
number ami in size. These bulbs were divided into two grou|)s and six bulbs 
of each were set in the colchicine solution while three remained in water. 
After an exposure to eol(*hicine for 48 hours five bulbs were irradiated witli 
1500r; two bulbs wi‘re not colebieinized but were irradiated only. In the 
other grou]), five bulbs were (‘olcbicinizeiland ex])osed to 30{)()r and two non- 
('(tlchieinized bulbs were in(*luded in this exposure. One colchieinized and 
two untreated bulbs served as controls in each set. 

Tlie roots of these bulbs were studied at various intervals after treatment. 
The colchieinized bulbs (fig. 21, bulbs 2 and 7) that were given ISOOr and 
3()00r respectively showed clearly 9 days after their return to water that 
growth of th(‘ meristem had been inhibited. Tlie non-coh^hicinized bulbs 
irradiated with 3()00r (bulb 13) showed considerable root injury. The roots 
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of bulbs (bulb 5) which received only 1500r showed the characteristic beud- 

or twisting* of the root-tips and fewer necrotic ones, while bulbs (bulb 18) 
which were colchicinized only showed outgrowths of the hypertrophied root- 
tips with an abundance of secondary roots. The water controls (bulb 10) 
showed evidence of continued growth even though bulb decay had occurred. 

The roots from some bulbs selected at random from each of these series 
were counted and measured before and after treatment. These were removed 
after their return to winter for 19 days to study better the elfect produced 
by the treatment. The control bulbs grow*n in water for 29 da3^s had a num¬ 
ber of Jong roots with many secondaries. Some of the small roots appeared 
water-soaked and necrotic. The root-tips on the rest w^ere firm and appeared 
to be active. The roots that w^ere irradiated with 15()0r had been in water 
10 days before and 19 days after treatment. The effects of the x-rays seemed 
to be confined to the root-ti]>s, where slight twisting and bending WTre noted. 
There W'as evidence of growth, but no secondary roots appeared. The roots 
wiii(ii were irradiated witli 3G00r showed more marked distortion of the 
root-tijis of the long roots, while the short ones showed no such evidence. 
The irradiated root-tips appeared viable and capable of growih. The bulbs 
that were colchicinized only and returned to water produced a large number 
of new roots with an abundance of secondary ones; these developed after the 
bulbs were returned to winter, giving further evidence that eolchieiiie had no 
f>ermanent growih-inhihitiug effect. 

Roots examined froju the bulbs that were colchicinized and irradiated 
with InOOr R) days after treatment showed a very limited extension of the 
hult)ous tip on a few* of the roots. Here the inhibition of grow^th induced by 
c(»Jchi('ine and x-rays was practically complet<\ Similar gross effects were 
obtained w'ith longer exposures to colehicine ( 72 lioui’s) and less irradiation 
(900r). Roots of colchicinized bulbs irradiated with 3000r were completely 
arrested in growtii. A number of the roots wen* water-soaked and ne(*roti(*. 
Ko new* roots w’cre formed aud no .secondary roots w*ere visible. The x-ray 
dosage which (.'*omj)leteIy inhibits growth seems to be slightly above loOOr 
wdien combined w ith an exposure to 0.01 per cent colchicine solution for 48 
hours. 

It appears that the 48-hour-eulchicinized bulbs were more vulnerable to 
the x-ray treatment even though the time of exposure occurred when the 
number of dividing cells had passed the peak of their reaetiou to the drug. 
The colchicine tumor” furnished a means of demonstrating growth inhibi¬ 
tion and helped to point out clearly that the colehicine facilitated the action 
of the x-rays in ])ermaneTitly arresting growth and destroying tissue. Micro¬ 
scopic studies of these roots together with daily measurements furnished 
further eviilence on this point. 
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OYTOLOGICAL CHANGES INDUCED WITH 15()0k OR 3000r 

Microscopic studies of the root-tips of the ‘‘Brigham Yellow Globe’’ 
variety were made before and at various periods after exposure to cohdiicine. 
The root-tips fixed in this series from samplinjis taken from all bulbs before 
treatment showed abundant karyokinetic activity. In root-tijis exposed to 
colchicine for six hours there was an accumulation of nietaphases in which 
the chromosome masses seemed to be radiomimetic. The cells in the dermato- 
^en were deeply stained and j)oorly differentiated. The root-tips exposed for 
12, 18, 24, and 48 hours contained an increasing’ jiumber of metaphases ex¬ 
cept in the last ^H*oup. Root-tips of this variety of onion colchiciiiized for 
48 hours and studied 24 hours after their return to water recovered from 
the colchicine effect 22). (Characteristic cfiant cells with lobulate nuclei 
and normal nuclear and cell divisions were found. The hypertrophy of the 
root-tips was marked, yet the cells were definitely oriented in rejifulaj’ tiers 
as shown in this section and described earlier by Levan (lfi38), Shimamnra 
(1939a), Manc’enot (1939), and others. Yet many of the sections seemed 
aberrant because of the diffei’ence in size of the cells. The ('ell arran^^ement, 
however, was so rejrular that no aualofry between this hypertro])hy and the 
(‘rown-jLmll disease or malijrnant ^•rowths of aiiimals could be made. The 
“colchicine tumor” does not fall into any catejrory of tumor growth. 

It has been shown by Levan (1938) and otJiers that polyjiloidy occurs in 
colchicine-treated root-tij)s, and lar^e numbers of chromosomes have been 
c(Uinted. Increasingly large inass<»s of distimM, clearly ditferentiate<l, appar¬ 
ently normal chromosomes were observed in the cells of the sam(‘ root-tij) 
(fig. 23). Polyploid cells were freipiently found in these “coh hicine tumors,” 
in crown-gall, and in tumors of animal and man (Levine 1931), Polyploidy 
does not appear to be the sole criterion for malignancy. The (‘auses of this 
increased chromosome-number in overgrowths are not known, though it may 
be ascribed to some disturbance in the spindle mechanism. It ap])ears that in 
the polyploid cells of eolchieine-treated root-tips the chromosomes may se])a- 
rate in anaphase regularly aiuj equally. The reconstimcted nuclei, altlumgh 
sometimes lobulate, go through a normal mitosis when the infineiu'e of the 
drug is removed. The radiomimetic effect induced by the colchicine disa|>- 
pears. Isolated chromosome inas.ses may be recon.striKded to form small or 
irregnilarly shaped nuclei which a('(*ount for the irregularity in the size of the 
cells. These features are constant characteristics of malignant growths and 

Explanation of figures 22 , 24-26, 28 

Fig, 22 . Hoot tip colchieinized 4H UcnirM; fixed after 24 liourH iu Avatev, > 250, Fkk 
24. Bciot-tij) expos(Kl to loOOr; fixed 120 hours aftt'r trcatincjit. x 250. Fio. 25. Uootdij) 
exposed to colchieiiic for 48 hours; irradiation 15()0r; fixed from water 120 hours later. 
X 250. Fig. 26. Boot-tip exposed to eolehiciue for 48 hours, irradiation 5000r; fixed from 
water 24 hours later. X 250. Fig. 28. Bulbs expOvSed to eolchieine f(U* 18.i hours followed 
by irradiation with 1500r; 9 days after return to water. Bulbs 26, 27, 28, rolehieine and 
X rays; 30, colchicine; bulbs 6 and 32, x-rays, x 0.6, 
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are consistently perpetuated in these j^rowths, ^liile in the colchicine-treated 
tissue the normal and polyploid cells seem to persist in subsequent cell gen¬ 
eration and assume normal behavior under normal conditions. 

Non-Colchicinized Irradiated Roots. Normal roots irradiated with 
1500r and returned to water for 24 hours contained no nuclear division fijr- 
ures as observed by Sax (1941). The peripheral cells of the root-tips were 
densely stained and the contracted nuclei appeared to be in the resting stage. 
Irradiated root-tips taken from the same bulbs 120 iiours after their return 
to water resumed growth, as witnessed by the number of division stages (fig. 
24). The resting nuclei appeared normal, yet some had more than two nucle¬ 
oli. The nuclei had assumed a cHuitral position in the cell and the nucleoli 
appeart^d to be isolated by a clear area of nucleoi)lasm. Macroscopically the 
roots appeared normal. 

Colchicinized for 48 hours with ISOOr or SOOOr. Root-tips colchicinizc^d 
for 48 hours and then irradiated w'ith 150()r, and returned to water for 120 
hours, show’cd (fig. 25) elongated old cells with large coiitracted, undiffer- 
eutiated nuclei, from which cytoplasmic strands radiated. Il(*re obviously, 
the colchicine effect has been augmented by tije injurious ijiflueiu'C of the 
x-i'ays. Control roots irradiated with 3000r and examined 24 hours later I'on- 
tained no division figures. The nuclei, in the dermatogen and outer layers of 
the periblem somew'hat irregular in outline, appeared as densely stained un« 
diffei'entiated bodies. The i)ier()me and inner layers of tln» ]>eriblem had a 
well differentiated cellular structure. The root-lips (*ohduciniz(*d for 4 h 
hours, irradiated with 3000r, and examined 24 hours after tlieir return to 
w^ater wx^re also lacking in division stages (fig. 2();. The eells in the periblem 
and plerome had many contracted nuclei which were heavily stained. The 
]iuclei in the peripheral cells of the root-tips appeared densely stained. Root- 
tips from this series examined 120 hours after their irradiation showed 
marked destruction of the ])eripheral ceils (fijr. 27). The calyj)trogen was 
represented by a few' elongated enuele^ited cells. The ])eriblein sliowed con¬ 
tracted densely staining nuclei with little cytoplasm. The ]>ericycle about the 
plerome formed regular tiers of cells in whieli the nuclei wxuv densely stained 
and undifferentiated. Some of tliese cells, however, had a granular dens(4y 
stained eytopiasm wdiile still others appeared to be considerably plasmolyzed. 
The j)ierome had formed a number of layers of cells in which poorly differ¬ 
entiated nuclei were i)resent. Tlie eytopiasm wxts sparse and the vacuoles 
large. No division figures were found in any of the numerous serial s(*ctions 
made of these roots. It was obvious that these roots had l)eeii severely dam¬ 
aged, although the early development of this injury was not visibh*. 

This microscopic study shows rather conclusively that the combined 
effects of colchi<*ine and x-rays are more effective in reducing the rate of 
growth and bring about earlier necrosis under the conditions of these experi- 
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meiitK than x-rays alone. No root markings were snecessfiilly made to sliow 
the difference in effect i)rodiiced by the x-rays on normal and colchieinized 
root-tips. However, 1h(‘ cytologieal evidence and a study of the growth of the 
root-tips {tabl(‘s 5, 6) under various treatments show that the colchieinized 
root-tips are more vulnerable to x-rays than those non-colchicinized. 

EFFK(T OF SHORT EXPOSURES TO COLCHICINE 

The fact that in onion root-tips exposed to colchicine for 48 hours irradi¬ 
ation with 900r or 1500r retarded and inhibited the outgrowths of the colchi¬ 
cine hypertrophies made it necessary to study the effects of irradiation on 
roots exposed to this substance for some periods shorter than and intermedi¬ 
ate between 24 and 48 hours. Eighteen onions of the “Yellow G]obe“ variety 
were germinated in tap water for eight days and then exposed to 0.01 per 
cent solution of colehieiue for 18i and 3G hours to test tlie effect of x-irradi- 
atioii of 1500r. A six-hour ex]>osure to eolehieiiie seemed too short to bring 
about the necessary toxic effe('ts; while nuclear <livisions were arrested and 
me1ai)hases began to accumulate, no hypertrophies were produced and root 
measurements were necesary to determine the effect produced. 

Fourteen bulbs were set in the cohdiiciiie solution. After 18J hours a 
grou]) of seven designated as “A“ was returned to water. The remaining 
seven bulbs, group “B/' were eoiitiiiued in eolchicdne for 17| hours longer. 
At the end of* IHl and 36 liours, five bulbs from each groui) ^vere irradiated 
w ith loOOr. and two bulbs not colchicinizeil were irradiated with each group. 
Photog!*aj)hic records w’er(» made at frequeiit i)itervals after they were re¬ 
turned to w'at(M'. The (‘olcliicinized and x-rayed root-tips, nine days after 
their return to water (fig. 28, bulbs 26, 27, 28) resumed growdh from the 
bidbous tips. The liyj)ertrophies were small after this short colchicine expo¬ 
sure, nevertheless, they were recognizable and marked clearly the new’ 
growth after their return to water. When contrasted with the non-irradiated 
eolehiidnized roots (fig, 28, bulb 30) little or no difference w’as noted, except 
that the lattei* ])roduced many secondary roots. 

Jlo()t-ti}>s irradiated only (fig. 28, bulbs 6, 32) showed only slight twist¬ 
ing of some of the root-tips. Those (*olchicinized and irradiated w’cre not per¬ 
manently affected in their ability to resume grow th, yet 23 days after treat¬ 
ment these bulbs (fig. 29) presented some contrast w'ith the earlier stages. 
At this time (‘olchieinized-x-rayed bulbs (bulbs 26, 27, 28) showeil only slight 
increases in the length of roots. Secondary roots were formed on the distal 
portion of some of the long primaries and some new roots had formed. The 
roots of the x-raye<l bulbs (bulb 6) had increased slightly in length and in 
number. The colchieinized non-irradiated bulbs (bulbs 30, 31) produced 
many new roots, as w^ell as long outgrowths from the hypertrophied root- 
tips. The colehieiue appeared to produce no marked observable changes. In 
contrast wdth these results the longer colehieiue exposures, 48 hours and 



Fig. 27. As in figure 20; fixed 120 hours ufter irradiation. / 2.'50. FiG. 29. Same os 
figure 28; 23 days after return to miter, x O.fi. Fio. 30. Heetion of root-tip eolehieinized 
18ji hours. xfiOO. FiG. 31. Heetion of root-tip in eolehieine for 18A hours, irradiation 
1500r. x500. Fig. 32. (Iironiosomes and resting iiiudei in root-tips as afifeeted hy eol- 
ehieino and irradiation; treatment as in figure 31. x 1800. 
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more, followed by 1500r brought about nearly complete and permanent inhi¬ 
bition of jrrowth. 

Mici-oscopic sections were studied of roots taken from bulbs 26, 27, and 28 
after 18| hours exposure to colchicine and immediate fixinj^. The metaphase 
sta^res 80) were in abundance and confined indncipally to the periblem 
and dermato^en. Here many early prophases appeared and indicated marked 
growth activity. Sections of fixed material made 24 hours after the <*olchiciiic 
treatment showed jiormal cells, some of which were in prophase and telo¬ 
phase sta^res; while those root-tij)s which were colchiciiiized, irradiated, and 
immediately fixed showed the intensified chimpin<r of chromosomes com¬ 
monly seen in the primary stajres of x-ray eftects referred to above (fi<>‘. 31). 
The resting** nuclei in some of the cells {fi^^ 32) shoAved the characteristii* 
clear area about the jiucleoli. The ilividinjr nuclei consisted of lonjjritudinally 
split (diromosomes, (diromoscmie fusions, a)id in some instances fragmen¬ 
tation. 

It .seems that Avhile ('olchicine causes analogous cytological changes at 6, 
12, 18, 24. and 48 hours of exposure, the longer exposures induce some micro- 
sc()pically unrecognizable alterations. These changes permit the cells to 
resume growth for a short ])eriod aften* the shorter exposures to colchicine 
followed by loOOr, but completely and permanently arrest the growth wlieii 
the longer colchicine exposures are followed by the .saine x-ray dosage. This 
is evidence of the fa<‘t that the irradiation is not tlie .sole factor that inhibits 
growth but that both agents siipi)lenumt each other effectively. 

In the colchiciiiized-irradiated root-tij>s 24 hours after treatment no divi¬ 
sion figures were f<»und. The nmdei appeared to be contracted, yet beauti¬ 
fully differentiated witli ruby-red bodies, apparently nucleoli, and numerous 
granules stain<*d with gentiati violet on a delic^ate retieuinm. The nuelei 
aj)peare(I somewhat irrcgidar in shape and resemblctl those described above. 

Koot-tips (»f bulbs irradiated only Avere studied immediately after the* 
roots were irradiated Avitli loOOr. The cytological changes of the division 
ligures wen* less marked than in the colclucinized-x-rayed root-tips. Many of 
the resting nuclei Avere heavily stained. In the resting nuclei the chromatic 
mat(‘rial Avas concentrated near tlie unclear membrane, leaving a clear area 
about the nmdeoli. Some of the peri])heral cells i*outained densely stained 
nndiffVretitiated luiclei. The cytological structure of the root-ti})s fixed 24 
hours after irradiation Avas normal but no division figures were seen. The 
arrangement of the ebromatii' material about tlie unclear membrane Avas not 
marked but was evident in some (*ells. 

At the end of this experiment, 31 days after irradiation, the roots of 
colchiciiiized and irradiated bulbs had increased only slightly in length. 
Some of the roots took on a dingy broAvn color. The roots which had been 
colcliieinized only Avere growing vigorously, Avhile roots that had been irradi¬ 
ated only had groAvn in an irregular manner so as to be ap}>arently tAvisVed 
at the tips. 
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Pia. 53. Bulbs 33, 35, 36, exposed to colchicine for 36 hours; irraUiauon loowr; oulb 
38, colchicine only; bulb 40, irradiated only; bulb 17, -water only; 8 days after water. 
xO.6. Fl0. 34. Same group as figure 33, 22J days after their return to water; bulb 39, 
colchicine-treated only, x 0.6, 
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Fig. 35. Root-tip colchieinizod 36 hours; fixed 24 hours after return to water. \500. 
Fig, 36. Exposed to eolehieine 36 hours; irradiation 1500r. x 500. Fig. 37. Bulb 3, col¬ 
chicine 48 hours, irradiation 3000r; bulb 6, colchicine 2 days; bulb 13, irradiation 3000r, 
followed by wati*r 6 days; bulb 11, acenaphthene 2 days, irradiation 3000r: bulb 9, 
ncenaphthcne 2 days, C days in water after treatment; bulb 15, water only, x 0.6. Fio. 38. 
Boot-tip from bulb 11 (fig. 37) 2 weeks after irradiation, x 250. Fig. 39. Root-tip after 
exposure to colchicine for 48 hours; irradiation 3000r; returned to water for 2 weeks. 
x250. 
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Fig, 40. Bulbs Hi, 18, t>l, eolchicinizHl for 2 days, exposed to loOOr, and r('luni(‘(l 
to water for (i days; })ulb 23, exj>osed to aceuaplitliene for 2 days; bulb 25, ex[>os<‘d to 
aeenaphtlieiio for 2 days, irradiation J500r; bulb 28, irradiation 150()r; bulb 29, un¬ 
treated; 7 days after theW* return to water. 0.0. Fio. 41. Root-tip from bulb 28 shown 
in fixture 40, *4 days after irradiation, x 250. PiO. 42. Root-tips from tuilb treated with 
aeeiiaphthene for 48 hours. / 250. Fig. 43. Root-tip from bulb treated with aeounphthiuie 
and irradiation ISOOr; 4 days after the treatment, v 250. 
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Tlu* jrroup iiu'l\ul(*d onions exposed to eoJcdiieine for 3(> lumrs fol¬ 
lowed by irr^duition witli 1500r. Ot* this j»Toup 33). bulbs 33, 35, and 3b 
were eoleliieiiiiz(‘d and irradiated; bnlb 38 was eoleliieinized only ; while bulb 
40 was irradiated only and bulb 17 was not treated. The i>hoto^raph shown 
as figure 33 was taken ei^ht days after treatment. 

The }iypertro[)hied tips on the eolehieinized irradiated jrroni) had jrrown 
slijrhtly 8 days after their return to water in eoniparison with those (bulb 38) 
that were eolehi('inized only. The bulbs irradiated only liad root-tips whieh 
orew with eharat'teristie irregularity. Twenty-two days after their return to 
Avater (fiji'. 34) there a])peared to be little eiuinj^e in the lenj^th of tin* eolehi- 
einized-irradiated roots. There wer(» some flaeeid, water-soaked roots, while 
no new roots a}>])eared. The bulbs e(4ehieinized only showed an extensive 
<^rowth from the hyp(n-trophied root-tips. The bulbs irradiated only showed 
sonic* iiKM-easc^ in root Icme-th and some new roots apjieat'ed. 

It is obvious that the eff(*c4s of <‘olehicine and irradiation are more aetive 
when (‘oinbined than when used singly. The irradiated [ilants studied are 
affecded, but not so inueh as those that reeeivcnl the longer c^olehieine treat- 
UKMits. It apjK‘ars that the optimum elfec't is attained wh<*n irradiations are 
c'onibined with an exjiosure to eolehieine of more than the 3b hours. The 
eonibination of DllOr with 0.01 per eeut eolehieine for 72 hours or 1500r with 
48 hours ex]ajsui*e to <‘oh‘hieine is most efftH'tiv<‘ in arresting i*oot growth 
without destroying the root. 

Tlu‘i‘e was no marked mieros(*o])i(‘ ditlerenee between these roots and 
those ti*(‘ated for 18 hours in eolehieine*. Serial sections of the root-tips 24 
hours after the 3b-hour ex[M)sure to eolehieine showed many normal as well 
as ])olyplo;d <‘t*lls \ fig. 35). The }>rophase division stages wtu'e abundant; 
anaphase* e(‘lls whieh apiiearc^l polyploid although not exceedingly hyper- 
trojiliied w<‘re found here with numbers of eontraeted ('hromosomc*s. The c*ol- 
c'hieini/ed-irradiatc‘d root-tips (bg. 3b) c*ontained many n*sting c'cdls whi(*h 
were densc*]y stained. There was ewidenee of eontraetion of the (*hromatie 
network. The* dividing nm'lei had tin* (*hromosomal fusions typic*al of eolehi- 
<‘ined)‘radiation ti-<*atnients, whieh appeatvd to be somewhat more intense* 
than the radiomimetie effec'ts of (*olehieine alone. Of these bulbs, root-tijis 
examined 24 hours after irradiation had no division figiii'(*s, and the cells 
resembh»d those obserwd in the l8-hour eolehieine* irradiation group. 

It appears that the longer c*oh'hieine ex}K>sures induced some non-reeog- 
nizable toxic change, whieh makes the cells more susec*ptible to the irradi¬ 
ation. The fact that the greatest x-ray c^ffeet is induced after exposure's to 
col(*]iicine for more than 48 hours indicates that the aedion of the x-rays is 
indepc'udent of the nuclear division phase but is in some Avay dependent 
upon the influem*e exeided by the eolehieine. 

Montefioke Hosfitai. 

New York 
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MEDICINAL HERBACEOUS SPECIES IN THE NORTH¬ 
EASTERN UNITED STATES 

Ralph Holt Cheney 

Economic botany, particularly iu its food and materia medica phases 
(Godshall 1942; Merrill 1943), served the Avar eflFort directly in numenms 
ways. This paper is limited to those Avascular plants Avhicdi are potential 
sources of drujrs in the northeastern part of the United States. These plants 
are of interest because they could be gathered annually to supply a part of 
the total amount of the therapeutic compounds used by the medical profes¬ 
sion. Some of these botanic dru^s are important medicinal agents and arc 
not made synthetically. These species (muld also proAnde the basis for the 
establishment and subsequent frenetic improvement of a cultivated crop not 
produced currently in the area suiweyed. A considerable list of dni^ ])lants 
such as described by the author and others (Ballard, Cheney & Pokorny 
1943) for the Brooklyn Botanic Garden, are displayed usually in municupal 
and institutional botanical gardens. In every such display, however, the 
number of individual plants of most of the s]>ecies is so small that they could 
not serve effecthTly as a source of seeds or other ])arts for any extensivt* 
propagation of a drug crop. Even before tin* pres(*nt Avorld wai*, a Committee 
on Pharmacognosy and Pharmaceutical Botany of the National Research 
Council began an iriA^estigatioiP of the wild medicinal plants of the (hiited 
States. One of the purposes of this surA^ey was to tabulate the geographic 
distribution and abundance of naturally growing domestic sources of botanic 
drugs for r( ference in periods of national emergem*y. Although considerable 
data on the location, abundance, and some useful ecological information, liad 
been compiled by the advent of the United States into the war, it was obvious 
that the magnitude of this task would make its A^alue j)rimarily one of a long 
term nature. 

Early in 1941, it Avas my privilege to discuss, before the combined com¬ 
mittees of the New York Academy of Medicine, the problem of drug plant 
sources and their availability in vicAv of the drug shortages due to the effect 
of the w^ar upon our normal importation. During the n(*xt tAVo years some of 
the commercial companies increased their acreage of drug plants as mucli 
as one thousand per cent. The Federal Government has grown quinine seed- 

^ Survey of the Wild Medicinal Plants of the United States—Their Distribution 
and Abundance 1937; with supplements. Compiled by the Committee on Pharmacognosy 
and Pharmaceutical Botany, Division of Biology and Agriculture, National Research 
Council. (Processed. Not for general distribution.) 
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lings (CiiK'hona varieties of the cultivated Dutch East Netherlands type) 
au<l distributed them for planting in proper ecological areas of tropical 
America. Moreover, the U. S. Cinchona Mission to Soutli America reports 
(»Steere 1945), in addition to the common (piinine-producing species, an 
area in southern Colombia and Ecuador where the supposedly rare species, 
Cinchona pifayensis, is fairly abundant. Its bark yields 3% quinine sulphate. 
In addition, this mission reports the bark of anotlier small tree, Remijia 
pcduncnJaia, althougli not tlie genus Cinchona, also yields 3% quinine sul- 
])hate and is abundant in the eastern range of the Colombian Andes. Already 
the Cinchona bark quotas set up in 1942 by the TJ. S. Office of Foreign Eco¬ 
nomic Administ»*ation in an arrangement with the Andean governments 
have been exceeded. The Bureau of Plant Industry, eoo]>erating with the 
Bureau of Narcotics, has information for the production of opium and suita¬ 
ble seeds to meet tiie morphine requirements of both the militarj^ and civilian 
needs of the V. S. (Sonnedecker 1943). Our northwestern States can supply, 
if commercial growers should fail, enougli Digitalis purpurea L., to supply 
oui- demand. 

The author l)egan an investigation in 1941 to determine the availability 
of herbaceous medi<dnal species occurriiig in the wild state and in nurseries, 
in the northeastern area of the United >States. In spite of considerable field 
data oji hand, it was imi)ossible to talndate in any great detail the local dis¬ 
tribution of wild and cultivated medicinal species. Moreover, tlie literature 
reveals no standardized criteria for the determination of drug plant s]>ecies, 
(‘spci'ially wlicn nou-official s])eeies were included. Therefore, it was deeide<l 
that the study w(Mild attempt merely to list the herbaeeoiis medicinal species 
in the area surveyed and to obtain (pfantilatin data only on ten representa¬ 
tive drug plants known to he utilized in current j)liarma(*eutical pre]mra- 
tions. The autlior (Chemw 1944) has made a preliminary report on these 
ten species, \vhi(di were chosen from a list (Cathereoal 1941, 1942) involving 
a wide variety of thera})entic ]>rineiples and })]ants ly])ical of the several 
major ecological (conditions existing within tlie area surveyed. Since these 
ten species Avere cultivated, their abundance in tlie approximating 24(K) 
nurseries of the States involved indicated their availability for medical 
utilization during the ])resent emergency. The eight States involved are New 
Jersey. New York, Connecticut, Rhode Island, Massachusetts, Vermont, New 
Ilampsltire, and Maine. During the past four years, the majority of the 
nurseries which grow herbaceous plants, have been visited by the author in 
coniH'ction with ins field trijis or information was obtained by questionnaire. 
The ten selected drugs, with the species from which they are obtained, are 
shown in the accompanying table. 

Tlie wild herbaceous, medicinal species occurring in the northeastern area 
include fudual and potential sources mostly of minor therapeutic signifi- 
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(‘Hiice. If not of major medicinal value, they are of interest from the view- 
}K)in1 of their availability for plant breeding’. The concentration of active 
thera])eutic compovinds can be acconij)lLshed as it has been done with Acrnd- 
turn- (Bonisteel lf)43). Tlie data presented should be of importance, not only 
for their possible collection for emergency utilization, but because they ai’e 
elucidative on the possibility of developing certain species as the basis of a 
future drufr source industry in this area which would pi’otect tis ajiainst 
shortaji:es in the event of similar national emerj>‘encies. 

The wild herbaceous species possessinjjr medicinal value and {^rowing* 
naturally in general throimdiout the eijrht states—unless otherwise indi- 
(*ated—(‘overed by this survey ai'e shown in the table on ])p. 64-70. 

SUMMAKY 

With the exception of considerable numbers of {)lants of Convallnrla, 
only a relatively few plants or a small quantity of seed is available of tin* ten 
cultivated spcioes. One or more of these species is pro])a^’ated by the <>:rowers 
of several states only to the followinjii: extent: in 14 ]>er cent of the Oonnecti- 
(Uit nurseries, Maine 0, Massachusetts 40 per cent, Xe\v Plampshire 30 per 
(‘Cut, New Jersey 20 [ler cent. New York 20 j^er cent, Rhode Island 28 per 
c(mt. and Vermont 24 per (*ent. Tiiese jiercenta'zes would be reduced very 
^^-reatly if it were not for the inclusion of lily-of-the-valley and sa^e in this 
list. By less than 0.5 per c(‘nt of the nurseries a few i)]ants were reported of 
Afropa hclJadoHtui L. (belladonna), Volvhivum auiiinmalr L. (colchi<dne), 
ll(<l((nna pidcgudiUs (L.) Pers. (American pennyroyal), and rr(/i}i((i mart- 
iiwa (L.) Baker (red scpiill). A more informative picdure of the scarcity of 
the drujr plant ]U'Oj)ajratioii of these ten species for which quantitative data 
were obtained may be shown by the tabulation cited below for the area sur¬ 
veyed. 


S[)cci<\s 

(\nm. 


Mass. iV.H. 
per cent nurseries 

N.J. 

in which 

N.V. 

j2:rowu 

ILL 

vt. 

A con it urn napdius L.*' , 

0 

0 

5%r 

5% 

4% 

12% 

1% 

8%. 

Ahtc vcra L, 

0 

() 

0 

0 

0 

0 

0 

0 

Atropa h^'Uitdonna Jj. 

0 

0 

0 

0 

0.5'''r 

0 

0 

0 

ConvalJaria majahs L. 

14% 

0 

40%. 

12% 

12% 

20%, 

2%. 

12%^ 

Datum sframoniuiu L. 

0 

0 

0.5%r 

0 

0 

0.5%, 

0 

0 

Digitalis purpurea L. 

0.5%. 

0 

5%. 

5% 

H% 

8%’ 

2% 

1% 

Hyosepamus uipvr L. 

0 

0 

0 

0 

0 

0 

0 

0 

Salvia officinalis L. 

0.5%, 

0 

50%. 

2.5% 

8% 

4%, 

1% 

1‘2%. 

Vrghica maritima (L.) Baker 

0 

0 

0 

0 

0 

0 

0 

(» 

Vahriana officinalis 1 j . 

0.5%. 

0 


2.5%, 

12% 

8%. 

- /C 

1% 

“ Much of tlic aeonite wmh f(»nu(l to he 

A. Fishcrii, not A 

. na pell us I>. 




The enltivation of drw^ plant species by a few botanic dru^^ companies 
has increased jrreatly sim^e the advent of world war II. Otherwise, in com- 
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Muuiijmiaij.) (‘iieoses; waste flmvers Mai vac Flores U emollient 

]>laces and culti¬ 
vated grounds 

d Also called Hydrastidis rhizoma P.T. 

<^Baid to he injurious to browsing cattle due to the photosensitizing principle, liy}>ericin. 




f Menthol derived from Oil (»f PopptMinint is Oflieinl. Somewhat antiseptic and used loeally with riibefaeicnt, analgesic, cooling & 
antipyretic effects. 
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parison with published historical data (Sievers 1940), the propagation acre¬ 
age of drug plants in the northeastern United States has decreased decidedly 
since world Avar 1. For example, in 1918 four growers in New Jersey raised 
belladonna on approximately 35 acres, whereas the acreage devoted to this 
species in 1941 was practically nil. Owing to current labor conditions, less 
than 25 per cent of the nurseries expressed their willingness to grow drug 
plants even with federal aid. However, in the spring of 1942, the United 
States Department of Agriculture distributed seed, and in the fall of 1942 
between 400 and 500 acres of belladonna were harvested in Wisconsin, Penn- 
syh^ania, Virginia, Tennessee, Ohio, and in some states outside the north¬ 
eastern area. 

The wild species of this area involve 51 genera and 67 species. They are 
all Angiosp(‘rnjae with the exception of 2 genera and 3 species. They luiA^e 
not been utilized effectively in the present emergency. In Maine, no recent 
cultivation of drug plants has been attempted, but a few individuals have 
collected with ])rofit sueh items as juniper berries and lycopodium spores. 
The natural resources of the other States have not been drawn upon to make 
any contribution to emergency drug sources. Significant quantities of some 
of these wild species could be gatlicred upon request by the medical or 
[)hannacenti(*al j)rofession for a single season. However, any annual pro<hic- 
tiou basis would re(|uire cultivated acreages and a concentration of the active 
})rin<‘iples by sele('tion and breeding. 

Division’ of HioL(Mm^\L S<’IEN('Es, (\)lle<}k of Arts and Sciences; and 

THE Brooklyn Foliaxje of Puakmacv, Lono Island University 

AND 

Brooklyn Botanic Barden 
Brooklyn, New' York 
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STUDIES ON PHILIPPINE CHLOROPHYCEAE—II. SURVEY 
OF LITERATURE AND LIST OF RECORDED 
SPECIES PRIOR TO 1940 

William J. Gilbert 

Althoii^^h the first list of Phili]>piiie marine algae was published a little 
more than a eentin*y ago, the luunber of papers or books that refei* to them 
sinee that time is surprisingly small. Probably the first record of a marine 
alga from this region is to be found in the first edition of Blanco’s Flora de 
Filipinos, published in 1837. In this work Blanco described nine plants, 
ap[>arently all from the island of Luzon, to which he gave names that were 
ap])licable to algadike jilauts. Most of the binomials were i)reexisfing, but 
there was no citation of authorities. The d(‘scriptions that accompany the 
names are very general, so that for the most part they (‘aniiot be nseil for 
determining anything more than the genus to which tlie plants are to be 
referred. The difficulties of knowing the parti(*ular spe(des with which 
Blanco was dealing are further increased bci'ause there is no j>ermanent 
ret'ord known of the plants he studied. 

Among the Thallopliyta in Blanco’s first edition of Flora dc Filij>i)ias are 
to be fouiul the following: Fuchs prolifer Blanco, F. dcuiiculafis Blanco. 
F, (julaman Blanc<», Viva innbilicalislMHMco, F. compiussa Blanco, V, reticu¬ 
lata Blanco, U. iutesfiualis Blanco, C<mferva littoralis Blanco, and C. setosa 
Blanco. 

The description of Fucus prolifer Blam^o unmistakably refers to a spei*ies 
of Haliineda, but because of its incompleteness could be ai»plied to one ()f at 
least three different species that are relatively commem in the Philippines, 
namely Ilalimeda macrftloha Decaisue, H. Tuna (Ellis & Solander) 
Lamouroux f. plaipdisca (l)ecaisne) Barton, or II. discoidca Decaisne. It 
is ijiteresting to point out that all three of these were described subse(|uently 
to BlaiK'o’s original work. The plant distributed by Merrill as Sp(ciis 
Blancoauae No. 99:^ which he thought duplicated Fucus ])rolifer Blaiu'o. 
is Halimeda macroloha Decaisne. 

The sec(md name in the list above, Fucus dcuticulatus, is apparently a 
Sargassum; in the .stvond edition (1845) of the Flora d( Filipinos F. den- 
ticulatus is 3 *epJaced by the name F. natnns Blanco. F. gulaman, called 
F. edulis in tlie second edition, may be a Gracilaria. The plant listed as 
Viva utnbilicalis seems to be a species of Padino. The Viva coniprcs.sit of 
Blanco appears undoubtedly to be a species of Enteromorpha, and his Viva 
reficulafa does not appear to be IL reticulata Porsskal, but it is more likely 
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a species of HydroclathruSy for in the description he speaks of its brown 
color. Blanco Ulva intestinalis does seem to correspond with U. intestmalift 
Linnaeus, now known as Enfcroniorpha inieaiinaJifi (L.) Link. The last 
names in the list above are not marine jdants, for the description of Conferva 
littoralis refers to a species of Chara, and Conferva setosa Blanco is prob¬ 
ably not an al<?a, for it is reported ^rowinj? from the leaves of trees and 
looking like the hairs of a horse. The latter may have been a species of the 
al^al g:enus Trentepohlia or a I’epresentative of the lichen family llsneaceae. 

From this list it is possible, therefore, to claim only three of the nine 
species as marine Chlorophyeeae, beinj^* fairly certain of tin* identity of 
Enferomorpha inte.^tinalis (L.) Link, and knowing: only the j^enera of the 
other two with certainty {Enieromorpha sp. and Halhneda sp.). 

Five years later Berkeley (1842) in his “Enumeration of fiin^i collected 
by H, Cumin" in the Philippine Islands,” described as a fungus under the 
name Dichonnna erecium a plant that A. Cepp and E. S. (lepp later showed 
to be an al"a, and wliich they named AvrainviUea erecta (Berkeley) A. & 
E. S. Oepp. 

Followin^^ this b\' two years, a paper by Montajrne (1844) dealin" with 
the }>lauts collectol by H. Cumin" in the Philippines, listed the followiu" 
seven species of "reen al"ae: Cladu})hora ixUuvkla (Hudson) Kiitzin", 
r/ur? rc//ca/^//a Forsskal, Cnnlcrpn faxifolia (Vahl) C. A"ardh, C. jdnntaris 
(Forsskal) C. A"ardh, Codium iomcnioHnm (Hudsoii) Stackhouse, Vdidea 
sordida Montague, and Halimeda discoidea Decaisne. In this list Cladophara 
peUneida, Viva reticnlaia. Voider pa Uixifolia, and Halimeda discoidea an* 
still accepted species. Of the others, Carder pa plamaris is synonyinoiis witli 
C. sertularioides ((jiiielin) Howe, Codium iomentosum is synonymous witli 
C. dichoiamuni (Hudson) 8. F. Gray, and UdotcM sordida (des(*ribed by 
Monta"ne as new in his i)aper) is Avrainvillea envta (Berkeley) A. & 
E. S. Gejip. 

The Chl()rophyc(*ae from the Philippines are next mentioned by G. von 
Martens (1866), reportin" on the botany of the Prussian Expedition to 
East Asia, who listed the following* nine species from the region of Zam- 
boan"a, Mindanao: C/uic/omorp/nz /a/fu/a Kiitzin", Viva reficidata Forsskal, 
Chauvinia clavifera Turner, Halimeda Opuntia (L.) Lainoiironx, IL dis¬ 
coidea Decaisne, 77. cuneaia Kiitzinj?, Valonia ntricidaris Koth, V. macro- 
physa Kutzinf?, and Microdiefyov dalhralum Martens. 

Rejrardiu" the first of the precediu" list, this is one of the very few 
reports of Choeiomorpha inftafa since it was first described by Kiitzin" from 
Java, and because Martens described it so briefly and the occurrence of 
the species appears to be so rare, it is to be considered a doubtful record 
until it can be verified. Chauvinia clavifera is now synonymous with 
Cauhrpa racemosa (Forsskal) J. Ajjrardh var. rh/tr/’/cm (Turner) Weber-van 
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B()ss(‘. Halimeda cuneaia Kiitziiij? (not H. ciiucaia Herin^) is listed by 
Barton (1901) amouj^ the synonyms of H. gracilis Harvey, Valonia macro- 
physa is not definitely known from the Pacific or Indian Oceans, and since 
the report of it was not acc-ompanied by a description the record is to be 
seriously (piestioned. Microdictyon duthraf um, described by Martens as new, 
is actually Anadyomcnc Liclnnchvrii Decaisne. Interestinjyly enough, this 
same year Gray (in his article *‘On Anadyomeue and Microdicfyon, with the 
description of three Jiew allied genera,’’ etc.) referred a specimen from 
the Sulu Archipelajro that Harvey had sent him to Cysfodictyon Lechmcherii 
(I)e(‘aisnp) Gray, having? considered that Anadyomcnc Leclancherii Decaisne 
was sufficiently different from other species of Anadyonicne to constitute 
tht‘ type of a new frenns. 

J)i(*kie (1876), in his ‘‘Contributions to the botany of the expedition 
of II. M. S. ‘Challen^w.’—Aljrae, (*hiefiy Polynesian,’^ adds considerably 
to th(‘ list of Plnli})pine marine Chlorophyceae. He lists about 47 species 
of al^ae from the Philipjiines and amon^ them are the followin*? Chloro- 
phyceae: From tlie island of Mactan. opposite the llai'bor of Cebu, Halimeda 
Opantia (L.) Lamonronx, IT. macroloha Dei'aisne, Cod lam tomenfosum 
(Hudson) Stai'khonse, (\ ndharnn.s f(’abrera) C. A^ardh, Poly physa 
s})icaia Kiitzinji’, Clvu rciicalaia Forsskal; from Zamboam^a. Mindanao, 
Canicrpa pci fata Lamonronx, (\ clarifcra (Tiirnm*) C. A^mrdli, Halimeda 
Tu)ia Lamr)nronx, Valonia atricnlaris Both, Dictyosphacria favulosa (C. 
A^'ardh'i Decaisne, Clva n ficnlafa Forsskfd, Cladophora mauritiana 
Kiitzin^*; from l>i<^ Santa (’niz fsland, o])])osite Zamboanga, Caa/erpa 
jditmaris (Forsskal) C. wlh, TPdimcda (I pa nf la (L.) Lamonronx, Valonia 
fastigiafa Harve\'. and Anadyomcnc llalxllata Lamonronx. 

The <leterminalion of tin' material which Dickie called Polyphysa spicata 
is im'orreet, ami the speeimens should have been named Ilalicoryne Wrighfii 
Ilarvtw acM-ordinji' to Solms-Lanbaeh (1895) who saw the material while 
preparing- his “Mono^n-aph of the Acetabularieae.” Canlcypa claix'fira is 
synonymous witlj (\ raccmosa var. clariftra, and Dictyosphacria favalosa 
is now known as 7L raarno.sa (Forsskal) B^rj^ivsen. Cladophora )nai(ritiana 
is known only from the Indian Ocean, except for this report from tlie 
Philip]>ines, and the d(‘terminati(m is tlu'refore questionable, especially since 
it is not accompanied ])y a <leseri])lion. Anadyonicne jlabcllata is now" knowm 
as A. sfcllata (AVulfe!!) C, Ajiardh, but the writer is imdined to feel that 
the material here reported is more likely either Anadyomcnc Wrighfii 
Harvey or .t. plica fa A^iardh, both of which are common species of 

this re<^dt)n. 

Just a vf'ar later Dickie (1877) published an ad<litional ])aper wdiich w'as 
entitled ‘*Su])plemeutary notes on aljrae eollected by IL N. Moseley of 
11. JL S. ‘Challenjrer' from variotis localities.'’ In this jiapor he listed a 
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few additional speeu's from the Philippines, and amonj^* them (from Zambo¬ 
anga) is included a sin^de marine chlorophycean, AceiabnJaria Calj/rnlus 
Quoy & Gaimard. 

Piccone (1886) in his Ahjhr del viitygio di circumhavlgazionv della 
Vettor Pisani listed the following*: Chloropliyceae from the island of Ti(‘ao, 
Masbate Province: Ulva reficulafa Forsskal, Enferomorjdta jlexaosa d. 
Ajrardh, Caulcrpa laeievireusi Monta«:ne, and Codium tomenfosaai (Hudson) 
Stackhouse. Of these four species Enteromorpha flexuosa had not been })re- 
viously reported. Caulerpa laeieviretift is synonymous with C. ravetnosa 
(P"orsskal) J. A‘**ardh var. laefevlrens (Montague) Weber-vaii Posse. 

From the results of the Sibo^a Expedition are added several more speci<s 
to the list of marine Clilorophyceae from the Phili])pines. Barton (1901) in 
her monograph on “The ‘renus HalimediP* reported that IlaHmeda O pa alia 
(L.) Lamouroux and B. macroloba De(*aisne are found arnon^’ the Sibojra 
collections from the Sulu Archipelajro. Ten years later A. Gepp and B. S. 
Gejip (1911) add the followinj; seven species in the report of “The Godiaceae 
of the Sibo^a Expedition,^’ these also bein^^ fnnn the rejrion of the Sulu 
Archipela^^o: IJdoiea orienfalis A. & E. S. Gepp, T. argeafea Zanardini var. 
spamosa A. & E. S. Ge])p, T. Flabellam (Ellis & Solander) lannouroux, 
Codiurn difforme Kutzinjr, C\ ovale Zanardini. (\ ieaue Kutzin**', and (\ ehni- 
gafum C. A^ardh. 

Mine. Weber-van Bosse (1913) in the “Liste des aijrues du Sibo^a. 1” 
reported the followin^^ Chloropliyceae as occurrinji: amon^’ th(‘ coll<‘ctions 
from the Sulu Archi])ela ”'0 in addition to the species from the SiboLUi 
Exjiedition mentioned in tiie two preceding articles: Vha Laefuca L., 
C. reticulata Fors.skal, Enteromorpha erinita (Roth) {\ Ajrardh, (ladnpho- 
ro]>sis sundaiiensis Reinbold, Valonia utrirnlaris A^mrdh, C. fasfigiafa 
Harvey, Bornefella sphaeriea Zanardini, R. alignspora Solnis-Laubach, 
Caulerpa sertularioides (Gmeliii) Ilowe, C. t^elago (Turner) C. A^ardh, 
C, Fregcinettii (C. Ag-anlh) Weber-van Bosse, and C. crassiffdia (C. 
A^ardh) J. Ajrardh. In the list above C. Freyeineiiii has become (\ serruhfla 
(Forsskal) J. Aj»:ardh emend, Bor^esen. 

In 1918 Merrill published his “Species Blancoanae,” a criti(*al revision 
of tlie Philippine sjiecies of jilants described by Blanco and Llanos, and in 
it three species are referred to the Chloropliyceae, namely Enier(fmorpha 
intestinalis (L.) Link, E. prolifera J. A^ardh, and Halimeda Opnntia (L.) 
Lamouroux. There is no reason to doubt the accuracy of the first two de- 
terininatioiLs, but the plant which Merrill distributed in the exsiccata as 
Species Blaneoanae No. is not Halimeda Opunfuty but ratluu* H. macro- 
loba Deciiisne. 

According? to the late Dr. M. A. Howe (1932), there are the followinj>: 
Chlorophyceae among the algae (collected at Paiiay Island by Liimt. H. C. 
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Kellers, M.D., avIh) was attached as surjreon to the Naval Bid ipse Expeditions 
of ]929 and .1980: Enicromorpha lingulaia J. A^rardh, Chactomorpha 
KclIersH Howe, Caulvrpa cUwifcm (Turner) C. Ajrardh, C. macrodisca 
Deeaisiie, and Arcfabularia major Martens. The plant which Howe called 
Caulcrpa macrodisea is (\ jicJtata Lainonronx var. macrodisca (Decaisne) 
Weber-van Bosse. 


SUMMARY OF RECORDS 

Followin^^ is a che<*kdist of all Philippine marine Chlorophyceae appear¬ 
ing^ in tlie literature before 1940; it has been arranged systematically 
so that tlie s])ecies (‘ome under the order and family to which they belong; 
eai'h spe(‘ies is followed by the name of the author or authors reporting it, 
and tlie name under which it was listed if that name differs from the present 
acce])ted naim*. When the a('cura(*y of a determination is in doubt the specific 
name is prei'cded by a (piestion mark; species for which the Philippines is 
the type locality a?*e marked by an asterisk. 

THA)TRICHALKS 

n.vAi’KAF: 

Estkkomorpua {’UInuta (Roth) C'. A^ardh. (WoIxt van P>ossi‘, IIH.'L) 

K. ri-F.Ni osA (VVultVii) ,J. Agardh. (Piveom*, 188d.) 

K. IXTKSTINAI.IS (i^.) Link, (Blanco, 18:;7, as Flva sf ; Merrill, 191S.) 

E. LiNiU LAT-^ ,1. Agardh. (Howe. HKCJ.) 

K. 1‘KOhlFKUA iL Agardh. (Merrill, 1918.) 

Ui.VA La(TI I’A L. (\VeU(‘r-\an Bosse, 19Kh} 

r. KKTU CLata Forssktil. (.Montague, 1844; Martens, LSdi;; Dickie, ISTd; Piccone, 188f5; 
Welit'r van Bosse, 19L5, » 

SIPHONOCLA DALES 

VAliOMACEAK 

1 )irT') osiMi\Kio \ rwKKNOSA I Forsskal ) Borgesen. (Dickie, 187(), as D. /nr«h>.vn.) 

A'Af.oxJA KAsTifiiATA HiU’vev. (Dickie, LS70; Weber van Hi>.sse, 191JL ) 

.'V. MA(’K0IMIYSA Kiit/ing. (Martens, ISad.) 

rrKU ri.ARis Rt>th, (Martens, 18(»(>; Dickie, 187(1; Weber-van Bosse, I9EL) 

ItOODl.KACEAE 

('LADoruoKorsis si nuwknsis Rtdnbold. (M*el>er van Bosse, 19EL) 

A N A mo M K N A ( K A E 

Axadyomene T.ErLANriiERii Decaisne. (Martens, 18(1(1, as Micro(hcfi/ott ehfhrafum: 
(Lay, 18(1(1, as O/.s0a/h*/,</oa Lrchnichrrii.) 

f sTETa.ATA (Wnlt’en) C. Aganih. (Dickie, 187(1, as A. 

ChADOrnOKACEAE 

MT,AiH)rU()KA MAt'RiTiANA Iviitxiug. (Dickie, 187(1.) 

(\ CKI.I.I'CIDA ( Hndsini) Kiitzing. (Montague, 1841.) 

? UliAETOAioKCHA iXFEATA Kiitziug. (M.'O'teiUS, 18(1(1,') 

^ Kkm.kksii Howe. (Howe, 1932.) 
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DA 8 YCL AT) ALES 
DAlSy(?LAI)ACEAE 

Bobnetella SPHAEKirA (Zniiardiiii) Solms>Lfuibach. (Wel>er-van Bosse, 191;).) 

B. OLIGOSPORA SolniR-Laubach. (Wcber-van Bosse, 1913.) 

IIALICOEYNE Wrightii Hiirvcy, (Dickie, 1876, as Vohiphym spicala.) 

Acetabulabia Calycultts Quoy & Oaimard. (Dickie, 1877.) 

A. MAJOR Martens. (Howe, 1932.) 

SIPHON ALES 

CAULERPA('EAE 

Gaulkrpa orassifoua (C. Agardli) J. Agardli. (Weber van Bosse, 1913.) 

C. PELTATA Lainouroux, (Dickie, 1876; Howe, 1932, as C. macrodisca.) 

0. RAC’EMOSA (Forsskal) J. Agardli 

var. clavifera (Turner) Weber-van Bosse. Martens, 1866, as Chauvivia cJarift ra; 
Dickie, 1876, as Caulerpa clavifvra; Howe, 1932, as €. clavifera,) 

var. laetcvirens (Moiitagne) Weber-van Bosse. (Piccone, 1886. as C. lat if rir( ns,) 
0. Selago (Turner) C. Agardh. (Weber van Bo.sse, 1913.) 

0. SERBX^LATA (Forsskal) J. Agardh emend, Borgesen. (Weber-vau Bosse, DM3, as (!. 
Freifcinettii.) 

C. SERTULARioiDES (Gineliu) Howe. (Montague, 1842, as C. pinmaris; Dickie, 1876, as 
C. pbmaru; Weber-van Bosse, 1913.) 

(!. TAXIFOLIA (Vahl) (^ Agardh. (Montague, 1844.) 

('ODIACEAK 

* Avrainvillea erecta (Berkeley) A. & E. S. Oepp. (Berkeley, 1842, as Diehont ma 
ereefum; Montagne, 1844, as Udotea sordida; A. & E. S. Gej>p, J911.) 

TTdotea argentea Zanardini var. ,<pumo,<a A. He K. S. Gepp. (.\. & E. S. Gepp, DM 1 ; 
Weber-van Bosse, 1913.) 

U. Flauellum (Ellis & Solander) Lainouroux, (A. E, S. Gepp, 191 J; Weber-van 
Bosse, 1913.) 

IT. ORIENTALIS A, & E. 8. Gepp. (A. & E, S. Ge]>[>, 1911; Weber-van Bosse, 1913.) 
CoDJT'M ADiiAEKENS (Cabrera) 0. Agardh. (Dickie, 1876.) 

? C. DirnoTOMUM (Hudson) 8, F. Gray. (Montagne, 1844, as (\ iomenfosnm: Dickie, 
1876, as C, toment(miin; Piccone, 1886, as C. tomentosnm,) 

C. DiFFORME Kiitzing. (A. & E. S. Gepp, 3911; Weber-van Bosse, 1913.) 

0. elongatpm C. Agardh. (A. & E. 8. Gepp, 3911; Weber-van Bosse, J9U’.) 

C. OVALE Zanardini. (A. & E. 8. Gepp, 1911 ; Weber-van Bosse, 1913.) 

C. TENUE Kiitzing. (A. & E. 8. Gefip, 1911; Weber-van Bosse, 1913.) 

Halimeda diS(’OII)Ea Decaisne. (Montagne, 1844; Martens, 1866.) 

H. GRAeiLiR Harvey. (Martens, 1806, as J/. cuneata Kiitzing.) 

H. mackoloba Decaisne. (Dickie, 1876; Barton, 1901; Weber-van Bosse, 1913; Mto rill, 
1918, fia //, Opuntia.) 

H. Opuntia (L.) Lainouroux. (Martens, 3866; l)icki<‘, 1876; Barton, 1901; Webto- van 
Bosse, 1913.) 

H. Tuna Lamouroux. (Dickie, 1876.) 

The writer is indebted to Professor Wni. Randolph Taylor of the Uni¬ 
versity of Michigan for his helpful suggestions and eucourageineni dui'iug 
the preparation of the present paper. 

Terre Haute, Indiana 
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A REVIEW OF THE STATUS OF SEVERAL AMERICAN 
SPECIES OF DALEA 

Robert T. Clausen 

This article is the result of a study to detenniiie the ])roper scientific 
name for the species of !)ah(i which is native in southern Florida. At first 
thoujrht, this mijiht seem like an easy task. One sliould need only to consult 
Small’s Mimval of thv Southeastern Florae which covers all of Florida. There 
the name is <>iven as Paroscia ftoridana Kydbcn*^. This binomial was ])roposed 
in 11120 for a sej»:re«:ate from what had previously been called Paroseht 
domingensis (DC.) Millsp. {Dated domingensis DC.). In his key, Rydberjr 
(X. Am. Flora 24: 72. 1920) used for di.stinfuiishin^ characteristic's for P, 
ftoridana the shorter and denser inflorescence, the slightly win<>:ed leaf-rachis, 
the scarcely hooked calyx-lobes and the 9-17 leaflets of each leaf. P. domin¬ 
gensis of the West Indies, on the other hand, was said to have an inflorescen<*e 
which, at least in fruit, is lax. Also tlie calyx-lobes were described as decidedly 
hooked at the apex, the leaf-ra<*his decidedly win<>'ed and the leaflets 5-9. On 
a basis of these .several (*orrelated difference.s, Parosela ftoridana would a[>- 
pear to be an ampb’ distinct species, Hince Datea is a (‘onserved name and 
the necessary combination for the species in that yenus is lackinj;, one mi^ht 
feel justified in makiim’ the transfer, but a study of actual speedmens and a 
review of tlie lumienclatural history f»f related species introduces com])li- 
cations. 

First, a series of speeijuens from Florida exhibits a *rreater amount of 
variability in that population than Rydberg s description su«r*iests. Th<^ 
inflorescence, for example, varies from very short to relatively lonjr. The 
rachises of the leaves are usu/illy winjred, even if not decidedly so. On every 
specimen examined, at least some of the lobes of the calyx are hooked. 
Finally, the number of leaflets varies from as few as seven to twenty-om* 
per leaf. All this indicates that the inexperienced student may encounter 
trouble in separating? P. ftoridana from P. domingensis on a basis of niorpho- 
lo^ical characteri.stics. The differences cited by Rydberg are too definitely 
stated. Actually they seem to indicate evolutionary tendenci(‘s, not com¬ 
pletely evolved species. As a result of study of the plants of Florida alone, 
<*onsiderable doubt arises ('oncernin*? the validity of P. ftoridana as a sepa¬ 
rate species. 

Parosela domingensis, as circumscribed by Rydbert? in 1920, occurs in 
the West Indies and northern South America. Study of a seri<\s of speci¬ 
mens in the herbarium of the New York Botanical (larden likewise reveals 

so 
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a degree of yariability far surpassing what might be expected from Ryd¬ 
berg’s treatment. Tn table 1, data are presented for several supposedly im¬ 
portant characteristics. These are summarized for three islands in the West 
Indies and northern South America. For purposes of comparison, data are 
also included for specimens from Florida. 

Study of table 1 reveals that the populations of Varosda dom 'nujvnsls 
vary from island to island as well as from the mainland, also that there is 
no decisive set of major characteristics by which the plants of Florida may 
be separated from those of the islands. Only slight differences distinguish the 
several geographical populations. Even these differences may not be so great 
as indicated because the small numbers of specimens examined probably do 
not accurately show the range of variability in the several populations. 
Keeping in mind the shortcomings of the data, a few tendencies may be 
noted. Plants from Chiba have tlie longest inflorest'cnces and average the 
smallest number of 1eafl(‘ts per leaf. The lobes of the ('alyx are longtu* in 
plants from Hispaniola than from (‘Isewhere. Phuits from Puerto Rico 
resemble those from Chiba in the length of the inflorc^siMuices, but differ in 
having more leaflets iier leaf, as do those from His[)aniola. The j)lants from 
Florida and northern South America are similar in having the largest num¬ 
ber of leaflets per leaf, but the lobes of the (*rlyx are at least partially hooked 
in ])lants from Florida, but are not hooked in plants from South Ameri<‘a. 
Sjieeimens from the West Indies or the American mainlaiul eau be assigned 
with eertainty to ju'oper geographieal population only aftcn* cand'ul study. 
The extremes of variation shown in table 1 are great, while the difforeiU'es 
are relatively slight. For that reason, the writer does not regard these geo¬ 
graphical populations as worthy of designation as species, though the 
tendencies in divergence aiv ])erhaps strong enough to warrant their desig¬ 
nation as subspecies. 

The relationshi})s of Paroscla floridana are furtlier complicated by the 
oecnrrence in the lower Rio (jrande valley and from there southward in 
Mexieo of a population which has in recent times been called /^ hiunilis or 
P. ihyrsiflora, Standley, in '^Trees and Shrubs of Mexieo” (C’outr. V. S. 
Nat. Herb. 23(2) : 4o5. 1922) separated P. kumilis from P, domi^u/fnsis as 
follows: 

Spilscs, at Ica.st in fruit, lux; Jeuf rnt'bi.s (evidently winged. 

Spikes sliort and dense*; racdiis searecly winged. -P. huuiilLs. 

Small, in his FU)ra of ihe Southea^sfern Untted States (]>. t}2(i. 1913), sepa¬ 
rated these so-ealled species as follows: 

Leaflets 9-13. Parasrla (iominfo nsis. 

J^eaflets 5-9. Parosela thiirsiflora. 

Study of a series of eight spe<'imen.s from the Ciulf slope of Texas and 
Mexieo reveals the A^ariation in this population. In number of leaflets per 





CLArSEN: DALEA 


83 


leaf, these speeiineiis exa(*tly support Small’s statement of 5-9, but already 
we have found a similar situation in the Cuban population with the leaflets 
3-11. Th(‘ infloreseejj(?es vary in lenj^dh from 5 to 20 mm. Comi)ared with 
s})ecimens from elsewhere, these are not remarkably short and dense. Tn- 
floreseenees of plants from northern South America and Hispaniola are 
shoi’ter, and tliose from i^uerto Kieo and Florida are ecpially short. Thus 
P. ilujrsiflora is like P. donn’ngensis from Cuba in number of leaflets, but 
most like Puecto Rican P, domimfentiis or Floridan P, floriduna in lenjilli 
of inflorescence. It is not drastically different from these other ])()pnlations. 
For tlmt reason, P. fhjfrslfloru seems scarcely tenable as a separate species, 
but pei*|ia[)s sufficiently distinctive to be considered a geographical subspecies. 
Althon^li Small stated the ranj^n^ of both P. domlnf/ctisls and P. ilnfrsiflora 
to include Texas, no Texan s])eciinens of so-called P. d<fniin(ff nsis have come 
to the Avriter’s attention to snp])ort this statement. 

If we search throu<rh tlie sheets of Daira {PnrasiJa) in a lar^e Ijerbarhim, 
we will find s])ecimens ajijiearin^' similar to P. df>a}intji )isis, P. floriduna, and 
/^ /h Ifrsiflora fi'om Florida, the We.st Indices, the lower Kio Crande Vall(*y 
in Texas, the Culf slop(‘ of Mexico, (\mtral America, and )U)rthern South 
Anj<‘rica. This composite jiojmlation lias received many names, but before 
disiuissinc nomenclature, avc must consider several other related species. Two 
of tlu'se are Pst/raha scaiuU ns and DaUa Juiuillis. Miller proposed the forimu’ 
naim^ in 17b8 for an Amerii'an ])lant with climbing' stem and bl\ie flowers. 
At the Xew York Potanical Carden is a photojiraph of Avhat is ju’obably 
the tyf)e of this spe('i(\s. It is attached to a sheet bearing a specimen collected 
by C. A. Purjuis, no. 234fi, at Zacuai)an, State of Vera (h*uz. Mexico. The 
plant of Pur[)us and Psoraha sramfrus df> not appear to be the same. P. 
sciindnis app<‘ars more lax and vine-like, Avith broader, larj^er leaflets, also 
tin* flowers are describ<»d as blue. The s])ecimen from Zacuaj>an is a small 
shrub. It is not viiu'-like and has smaller, narrower h‘aflets. The petals ap¬ 
pear to b(‘ yt'IIowisli. The distributional area of P. i^cundcvs is unknoAvu to 
the Avritcr, iicitlier hav(» any specimetis come to his attention. Yet, on the 
basis of the photo<iTa])li just mentioned and the orij^inal description, this 
se(‘ins to be a sufficiently distinct, species. It siionhl now be called Dalea 
scandens (.Millc]*) Clausen, c(unb. uov., based on Ps(n'adca sanohns Miller, 
Cardeners’ Dictionary, ed. 8, Psoraha no. 4 (1768). The other s})ecies to be 
considered at this point is Daha hionilis C. Don, (len. Hist. 2: 224 (1832). 
This was d(»scribed orij^inally from Mexico. It is an annual with slender 
stems and narrow leafl(*ts Avhich are acute at either end. In 1847, >Schauer 
proposed the binomial />. inconspicua for this species, but that Jiame should 
now be assi^iied to synonymy under />. humilis Q , Don. This species occurs 
on the Pacific slo])e of Mexico where it ran<»es from (luadalajara and Pha])ala 
to Monte Alban near Oaxaca. The altitudinal raime is from 1524 to 2438 m. 
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Other names which perjiaps should also be considered in this discussion 
are DaUa mwrophylla II.B.K. and D. trichocalys Ulbrich. These species are 
both South American and poorly understood by the writer. Their relation¬ 
ships to the species under discussion is not clear, but ])robably their status 
w411 not affect the uomenelatural conclusions set forth below. Likewise, the 
relationships of DaUa vnhicraria Oerst. and Parost'la occuhntaliti require 
elucidation. 

The population [)rimarily under discussion here, the one to which 
Parosehi domingensis, P. flaridmio, and /^ thyrsi flora b(‘l(>n*?, includes 
l)erennials with stout stems and leaflets which are broadly oblonjr-elliptical 
and rounded or retuse at the a])ex. Miller, in 1768, was ])robably the first 
to apply a name to any part of this population, namely Psoraira hymdis. 
Jn 1790, Jac(juin independently imoposed a name for this same species, 
Psoralea cmphysodis, tyi)ified by a plant from Caracas in South Ameriita. 
This was said to flower in December and January and to have hairy stems 
and purplish or white petals. Jn 179J, Jac(|uiu published a colored plate of 
this species, but he changed the name to Psoralea phymaiodvs. The plate 
shows the leaflets and stems as jilamlular. but Jiot hairy. Except for the 
absence of ])ubescence, and the straijrht lobes of the calyx, the plant in 
Ja(*<juin’s illustration resembles plants fr(un Florida and demonstrates that 
the plants from there and from South America belong’ to the same sp(‘cies. 
Macbride in 1927 (Field Mus. Pub. Dot. 4: ]U2) expressed similar views 
rej»‘ardint? the rela(i(»nships of P, emphyso<hs, Siiu'c Milh'r’s epithet. 
humilis, is not available in DaUa because of />. hamilis Don., Jaccjuins’ 
name, emphysodrcs, should now be applied to the a^^<^re;rate s])eci<*s, which 
should be designated as Dalea emphysodes (Jaccpiin) U. T. Clausen, <‘omh, 
nov., based on PsoraUa (mphysodcs Jacipiiii, Coll. 4; 144 (1799). This is 
separated from related species in the followinjr key: 

A. Stems climbing, to 2 ill.; flowers blue. /f. srniufca^!, 

A A. Stems not elhubinc:, to 1.8 iii;; flowers white, niiih or yellowisti, becom¬ 
ing brfiwnisli jiurple. lb 

n. Plants annual; stems sIend<T, 0.5-2 mm. in diam. at base; leaflets nar¬ 
rowly linear or oblong-ellipticai, acute at eitJier end. /A humiUs. 

BB. Plants jioreiinial; stems stout, 2-5 mm. in diam. at base*; leaflets 

broadly oljlong'elliptical, rounded or retuse at apex. 1>. t mphnsoiii’s. 

The ]>olytypic spet'ies, D. emphysodes, may now he ('harafdtu’ized as 
follows: Villous or glabrous, glandular-punetate jierennials with stout stems 
to 15 dm. tall, 2-5 mm. in diam. at base; leaves alternate, pinnately com¬ 
pound with rachises which arc more or less winged and J-21 leaflets whicli 
are broadly oblong-elliptical, rounded or retuse at apex, 2-15 mm. long, 
1-6 mm. broad; flowers in axillary and terminal racemes, 0.4 4.5 cm. long; 
calyces 4~8 mm. long, with lobes linear, a<uite, 1-6 mm. long, hooked, re¬ 
curved or straight; petals 5-10 mm. long, white, pink or purplisli, becoming 
brownish purple; stamens diadelphous, 5-7 mm. long; pistils densely villous. 



aiH(U 


OLATTSEN: DALEA 


85 


Floweriii^a: time is Hepternber to May. The (listribiitional area inehides soiith- 
(Tu Florida, the lower Rio (Jraiide Valley, the Gulf slope of Mexieo and 
Geiitral America, the Pacific slope of Central America in E! Salvador, the 
(-aribbean.slope of northern South America, and the islands of Cuba, His- 
j)anio]a, and Puerto Rico. 

Tfiree *j:eo?i:ra])hi(*al sul)species seem snflficientJy isolated and differentiated 
to warrant recognition. Tliese are named and chara<‘terized, after whi(*li a 
key is ])rovided for their separation. 

H. EMTHYsoDEs subsp. cmphysodes (4ac(|uin) R. T. (ylaiisen, subs]>. nov. 
Ibised on Psornlea cmplijjsofhs Jacquin, ihi(L, des(u*ibed originally from 
(^ara<'as and charactiunzed by leaves with 7-17 leaflets, averaf>in^ ]2 leaflets 
j)er leaf, and shm-t lobes of the <‘.a]yx, 3-4 mm. lon<>', w’hich are not hooked. 
This subsj)e<‘ies ociuirs on the Caribbean slope of northern South Ameri(*a 
in (’olombia and Venezuela at altitudes from 46 440 m., also in Puerto Rico. 
Synonymsare PsoraU a daccpiin, Ic. Plant. Jtar. 3: 1338 (1803) ; 

and Parosf'Id ( mphyaadrs (dacq.) Rydb. N. Am. Flora 24 (2) ; 113 (11120). 

I). KMinivsoDEs subsp. domingensis (DC.) R. T. Clausen, comb. nov. 
Rased on Doha (lf))nnuj(itsis DC. Prodr. 2: 246 (1825) and charaiderized 
by the leav(‘s with 5-15 leaflets, averaginjr 11 leaflets per leaf, and the lobes 
of the caly.x wliich ai*e 1-6 mm. long, averaging 3.5 mm. and all or partially 
hook(*d. This subspecies is known oidy froju Hispaniola, w^hich is the type 
locality, l^ierto Hi(‘o, and northern Florida, where it (K*curs north to latitude 
2()'^ 45' \ at Palm Reach. Synonyms are J>, enncaphiflla l^ert. in DC. /?nV/. 
(as a synonym ) ; Parosda doniiHycHsis (DC.) ;\lillsp. Field .Miis. Pub. Rot. 
1: 21 (1805) : and Parnsda floridana Rydb. X. Am. Flora 24: 114 (1920). 

D. KM]*HY,soDKs subsf). thyrsiflora (A. Gray) R. T. Clausen, comb, n(»v. 
Rased on Ihdni thyrsifiora A, Gray, Pnx*. Am. Acad. 5: 177 (1861) and 
(diarat'tcrized by leaves with 3-11 leaflets. Subsp. fJiyrsiffora occurs in the 
lower Kio Grande Valley and from there southward, mostly at low altitudes 
along llie Gulf slo]u‘ of Mexieo and (kmtral America, also it occurs on the 
l^udfie slo|)e of Cent!‘al America in El Salvador, and i!i (hiba. Synonyms are 
Dahd (loniiiifp nsis var. paHvifolia Conlt. Contr. l\ S. Xat. Herb. 1: 34 
(1890); Parosda fhyrsiflont Vail, JRdl, Torrey Club 24: 14 (1897); and 
Parostht Innail Is Rydberg, X". Am. Flora 24(2) : 114 (1920). V’ithont inspec> 
lion of the ty])e, 1 am unable to assign to a subspecies Psoralra hinailis Mill. 
Gard. Diet. ed. 8, Psoralvn no. 7 (1768). This is tlie earliest specific epitlnd 
to be ai)])lied to />. ( iaphysod(S, but it (*annot be em])loyed under Daira 
l)e(*anse of />. ha at ills G. Don. 

KEY TO THE sriiSUEcTES OE DALEA EMPUYSODES 

A. Ijcatlfis jVlM, 11 oi'more. B. 

Ji. Lohe^i of (‘iilvx not hooked, ])l{jnts glabrous or pubescent. 

I>. i'mphysdih s subs)». emph^soacs, 
BB. At least part of h»be.s of calyx booked; plants pulicsceiit. 

1). f mphysath s subsp, tloniinrp asis, 
A A, Leaflets M-ll, averaging 7 or fewer. ]>. ^anphysodis subsp. thyrsiflora. 

Department ok Botany. Cornell INivursity 
Ithaca, New York 
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FICUS TSJAHELA 

Mary P. Barrett 

Ficus fsjahela Biirm.f. is sufficiently charac'terized by at least two excel- 
lent illustrations and several "ood descriptions; but has been associated with 
a disproportionately larp:e number of obvious, but sometimes uncorrected 
mistakes. It is the purpose of this study to rectiFy the inistaki^s, especially 
that in tlie title, to comment upon synonymous names, and to distinpuisli 
the species from others with whi(di it has been ('onfused. 

Firus Tsjahela Biirm.f. FI. I ml. 227. 1708. (Spelled Tsjakcla by 
Burman.) 

Tf(Jah('hi Rheedc, TIort. Mai. 3: 87. pi, C4. 1082. (Originally spoiled TsjakcUi, hut eor- 
r(3('ted on p. 88.) 

F, mahilxirica semel w anno fruclifnra, frurlu mrnimo, fsjahota dicla Hay, Hist, PI. 
2: 1435. 1088. (Spelled Tsjahia,) 

7^\ nifrattrnnis Ilb. Garein ex Burni.f. FI. fnd. 227. 17<)8. 

F, Sit raff on.si^s raw mahibar'tva, mori fofiti llh, Garein ok Bunn.t'. (aho\i‘). 

F.rniosa Ait. Hort. Kew. 3: 451. 1789. Not VViildt*iK)u\ 

Pella ribt'stoides Gaertn. Fruet. Soin. PI. 1: 143. pi, JS, f, 1791. 

F, tsjahela Hlioede ex Vahl, Emnn. PL 2: 185, 1800. (S^ielh'd Tsjakfhi.) 

F. infectoria WUld. Sp. PI. 4: 1137. 1800. Not Hovhurgh. 

F, indien Moon, ('at. PL Ctylon 74. 1824. Not Linn;H‘Us. 

F. sp. llh. Hoyn. ex Wall. Cat. no. 4519 H. 1831. 

J'rosiipwa isjahtfa (Biinn.f.) Mi(j. Hook. Lond. Jour. iLd. 6: 5r»7. 1847. tSpr‘lle<i 
TJakela.) 

U. ranlohotrj/vm Miq. Hook. Lond. Jour. Bot. 6: 508. 1847. 

U, ceylonf nse Miq. Hook. L<md. Jour. Hot. 6: 570. 1847. (Mispriiit(Ml v< yfountst .) 

V. inf f cl or i urn Thwaites, Enuiii. PL J^eyJauiae 2(»5, in part. 1804. 

F. ranlohotriia (Miq.) Miq. Ann. .\1us, Bot. Luj?d. Bat. 3: 287, 1807. Not Vidal. 

Tali tree, much branched, without aerial roots, jilabrous; ])etioles tt) 
7.5 (*m. long'; blades ellipti<^ tending: towards oblong, tyj)icaliy 12.5-19 
< 5.5-9 t*m., but also 5-9 x 3-5 cm. in a. smaller form (exam])l(‘S: ]8 a 9 cm., 
19x8.5 cm., 8/5 cm.); base broad, rounded or subcordate; ajiex s1i<rhtly 
narrowed, tluni abruptly acumijiate; acumen tliick, about 1 cm. l()n<:>'; upper 
8urfa(*e »loss>' in life, iron- or dark jrreenish-^ray when dri(Ml; basal veins 
similar to the )at<M*al veins; 8-10 sets of conspicuous lateral veins, the iptper 
anf 2 :le 65° to 75°; otdy discontinuous tertiary veins; a distinct reticulum 
and a checkered backgrouud; mature receptacles 1-6 on tubercles in the 
defoliated axils, setssile or .sliort-pedniuiled, depressed-jrlobose, about 5 mm. 
in. cross diameter when dried, yellowish and dotted when ripe; basal braets 
3, larj|^, almost semicircular, sometimes lobed, the edfr<\s loose; male flow(‘rs 
said to have 3 ovate acuminate ])eria!ith-papts shorter than the stamen; 
anther ovate, on a filament of ecpial len<j^th; jrall and female flowers with 3-4 
y)erianth-pHrts; achene obovate, the style lono;, the sti^rma (‘ylijidrie. 

Type: India : Malabar, Surat. 

8f) 
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Distribution: India, especially the west coast and the south; Ceylon; 
Iiido-(diina. 

F, tsjahda sonu'times has been confused with the type of F, lacor Ham. 
(formerly known as P, infecioria Roxb.). As compared with F, tsjahela, 
F. lacor may have aerial roots; and its leaves show a seldom cordate base, 
a louder slender acumen, distinct basal veins, lateral veins leavin«: the 
midrib at a more acute an^le, and fewer tertiary veins. Its fijrs usually are 
larger, white with a pinkish tin^e, sessile, and single or paired in h‘afy axils. 
Its distribution includes but extends far beyond that of F. fsjahela, 

F, (jpnictdafa Knrz (For. FI. Brit. Burma 2: 447. 1877) resembles 
F. fsjahcla closely, but is .sometimes pubescent on twigs and fig-peduncles. 
Its leaf-blades are broader in proporthm to their lengtli and .show more 
secondary lateral veins leaving tlie midrib at a greater angle, and .some 
continuous tertiary veins. Its figs are larger and its male flowers gaino- 
phyllous. Its distribution is northeastern India, Burma, Indo-China, and 
Malaya. 

APPLIED TO THE SPECIES 

The pr(»totyj)e of F, fsjirhda is de.scrilxsl as 'Fsjalida on the uext-to-lasT 
page of the third volume of Rheede's Horfas iiidicus nHilaharicus. On the 
last page of that volunu' under both Indc.v and Frrafa the spelling of tlv^ 
uam(‘ is eorrect<*d to Tsjahdu. Th(‘ excellent pluii Gi whicli accomi)anies the 
text bears the title Tsit la, Avhich had been given ]>r(‘vionsly to plate 63. That 
these illustrations rej)re.sent different plants is a])i)arent from the contrast¬ 
ing pi('tiires and th(‘ veriiaeulai' names inscribed on (‘a('h sheet. The mistake 
in the plate sivins to hav<* misled few people; but tlie incorrect use of k in the 
text has be(‘u ft)lIowed by almost all wriPTs on the subject, some of wlioni 
Iiave intr(Kluce(l other variations: TsjahaUi by J. Burman (Fi, Mai, 9. 1769) 
and Oraliam (Cal. PI. Bombay 191. 18119), Tsjakd( by Steudel (Xom. Bot. 
ed. 2. 1: 6d8. 1840), and Tjakda by Miipiel (Hook. Loud. Jour. Bot. 6: 567. 
1847, and later), King (Ann. Bot. (lard. (Calcutta 1 ^: 57-58, pi. 7iK SF. 
1887; and ia J. D, Hooker, FI. Brit. India 5: 514. 1888), Brandis (Ind. Trees 
609. 1906), an<] othei-s. In this .study correct spelling will be used unles.s it 
is desired to show the author's orthography. 

The pre-Linnean Batin polynomial proposed by Ray as the title of thh 
species wa.^ so used by K. Fomnielin (FI. Mai. 29. 1696) and was mentioned 
UsS a synonym by Stokes (Bot. Mat. Med. 4: 358. 1812). 

\. Burman (uPhI Tsjahela Rheede and a species and vai’iety from the 
licrbarium of 1^. (larciu as synonyms of ‘‘F. tsjakda.^^ He characterized 
the leaves as ovate-oblong, entire and crenat^*, thus including both Rheede's 
type and (larciu’s variety. Xo record of creuate leaves seems to liave been 
made by other writers, although the term audidate sometimes has been used 
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In 1789 Aiton described F. venosa, an exotic from the East Indies, and 
cited Tsjahcla liheede. The specific name recalls RheedeVs statement that the 
leaves have whitish veins. This title became one of the two most frequently 
used until Kim^ (1887) traced the synonymy and established the priority 
of the name ^iven by BuiTuan. The authorship of F. venom Ait. sometimes 
was ascribed to others: to Willdenow by Dennstedt (Schliiss. Hort. Mai. 
29. 1818), to the text in Roemer & Schultes (Syst. Vey:. 1817) by Blume 
(('at. Gew. Buitenzor^ ;17. 1823), to eJ. E. Smith by Dillwyn (Rev. Ilort. 
Mai. 13. 1839) and Hasskarl (Nova Acta Akad. Jieop.-Carol. 33: 29. 1867). 
F. venom Ait. as reported by Voijrt (Hort. Sub. (^alcuttensis 287. 1845) is 
F. laeor Ham. 

Pella ribesioides Gaertn. was proposed as a synonym in Trimen (Haudh. 
PI. Ceylon 4; 91. 1898). Gaertner located this o'enus between Vaeeiniuyn 
and Grossulan'a, His i)late shows small fruitiiijr bodies clustered on tubercles. 
A cross section of one body reveals the absen<*e of ]>artitions and tin* presence 
of fruits or .seeds borne on the inside Avail. The vernacular name Kiripoella, 
cited by Gaertner. evidently was the source of the numeric name and is 
almost the same as that in TrimeiCs text for F. fsjahela. 

F. Infeeforia Willd., a name almost as much-used as F. renostt Ail., lias 
been a source of jrreat confusion. In 1804 Willdenow (Hort. Berol. fasc. 3: 
36. pi. db) described and illustrated a species of Ficus Avitli (‘ous})icu(»usly 
veined leaf-blades. This he asserted to be F. voitmt Ait. By 1806 he ha<l 
discovered that he Avas mistaken; but he retained Aiton's apjiroi^riate name 
for the tree pictured, and re-christened F. veuosa Ait. as F. infeeforia, with 
Tsjahela as another synonym. WilhhmoAv’s appropriation of F. tu nosa Avas 
recojjrnized as illefral by Poiret (Encyc. Sup])l. 2: 654. 1812), wlio re-named 
the tree F. leucanfatorna. This Avass])elled leneahnna by Roemer arid Schultes 
(Syst. VeL^ 1: 501. 1817). 

Poiret’s mention on ]). 657 of F. venosa Ait., to which he returneil F. 
infeeforia Willd., is Avorth notinjjf because of a reference to it by Hamilton 
in 1827, and because Poiret included Fiens tsjahela Rheede'^ as a synonym, 
as Vahl (Enum. PI. 2: 185. 1806) had done. 

F. infeeforia AYilld. often has been confused with F. infeeforia Hoxb. 
Roxbiir^di (Hort. Benjr. 66. 1814) listed a tree of Bengal as F. infeeforia 
(no author). That he believed this to be F. infeeforia Willd. Avas shoAvn by 
his reference to Tsjahela Rheedc. Later (FI. Ind. ed. 2, 3: 551. 1832) he 
described his Benjral ])1ant as F. infeeforia Willd., and referred to both 
Tsjahela and F, fsjahda Burm.f. IIoAvever, his description showed that his 
plant Avas a new species. When F, infeeforia Willd. Avas proved to be an 
il]e<?al title its specific name, equally ille^mlly, came to be transferred to 
Roxburgh’s tree with Roxburgh’s authorship, and has persisted almost to 
the present time. In recent years F, lavor Ham. has been recognized as its 





BARRETT: PICUS TSJAHELA 


89 


valid title. The folJowin^^ writers have used the name F. infectoria Willd., 
and sometimes its synonyms, for F. lacor: Wi«:ht (le. PL 2: pi. 605. 1843), 
Beddome (PI. Sylv. India 2: 222. 1874), Brandis (For. PI. India 414. 1874). 
Kurz (above, 446“-447), and Trimen (J8yst. Cat. PI. Ceylon 84. 1885). 

Waliieh’s catalog* of 1831 listed no. 4519 as F. venosa Ait. Subdivisions 
.1, F. nifcctoria lib. Wi^dd, and B, an iiuamed Fkus from Heyne’s her¬ 
barium are speeimens of F. isjahela, aeeordinp* to Kinjj: (1887). It is diseon- 
(‘ertiuj*: to find that Wij^ht’s specimen beionj^^s here, since his illustration of 
**F. mffvforia Willd.’^ is obviously of Poxb\irjj:lCs si)ecies and often is cited 
as a r(‘ference therefor. 

JIamilton (Trans. Linn. Soc, 15: 150. 1827) in an attein])t to establish 
tlie identity of 'Tsjahcla lUieede added another jirobhun. Sayinji* that the 
plant which he considered was that species did not conform to the descrip* 
tion by IVilkhuiow, he described it as F. tunosa, alliidin^^ to Poiret's text 
(which had cited the author as Aiton), and listinjx Roxburgh, Hurman, and 
Bhecde as references, Most of his characterization a])plies equally well to 
both F. i,sjah( la and the variable F. laror. The short |»etioles and twin 
r<‘seinble the latter rather than the former sj)ecies, but the absence of aerial 
ro(»ts and the maturin<»’ of the fi^’s on defoliated twi^^s point towards F. 
isjahvhu where it has Ix'en placed by Kiii”* (1887). Mi(|uel (Ann. 3: 286, 
1868) a]id in earlier writinjrs believed that F. rntnsa Ham, was F. infectoria 
]b)xb., altlioiq/li he inwer seemed sure whether or not this species was also 
that of \Vill(hmow. IIaiiu*s (Bot. Bihai’& Orissa 5: 832. 1924) has thou^lit 
that Hamilton’s j)lant mi^Lt be a form of F. infectoria Koxb. or else F. 
(/enicniata Kurz. In fact, Haines placed F. tsjnhela clo.se to. if not under, 
F. (/enicniafa. 

The synonym F. indica Moon was sii^wsted in TrimeiCs text of 1898 
with the not(‘: ‘‘not L. I have not .seen Moon’s book, which includes also 
F. h( lu/aletLsis li., the accepted name for the ill-defined F. indica L. 

i\li(piel (1847) transferred F. tsjahcla Burm.f. to Frosti(/ina, a «’enus 
derived from Fiens by (ras[)arrini, describing the species from .specimen^ 
obtained in southernmost India; and (characterized also as innv species F. 
cnulohotrynin from the “Ea.sl Indies” and F. ce}floncnse from Colombo. 
The three descri})1iojis differ oidy slij^litly. Miquel (Ann. p. 287) returned 
r. tsjaheJa and T. caulohoirynni to Ficus. J\ he placed (Ann. pp. 

2()4, 286) under tlie ])resent F. lacor, althoufrli he had stated one of its ver¬ 
nacular name.s to be KiripaelJa. These three species of Frostiptna. and F. 
canlohotrya, were allocated to F. tsjahcla by Kinjr. Some mistakes in their 
names are: F. caulobotrytm by Dietrieh (Syn. PL 5: 554. 1852), F. canlo- 
hotrya by Kinjr (1887) and (lajrnepaii) (in lieciunte, FI. Cim. Indo-Chine 
6: 761. 1928), I', ceylonesr by Kinjr (1887), F. canlocarpa Miq., instead of 
F. cwulohotrya, by Kinjr (1888). 
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r/. infectariimi Thwaites is included in this synonymy because certain 
numbers of Thwaites’ specimens wuth that name and Miquel as author belonjr 
to F, f,<(jahela, according]: to Trimen (1898). 

UNRELATED SPECIES 

F. tjmkelu Hb. Hook, was allocated by Miquel first to U. rigiduni Miq. 
and then to F. rigida (Miq.) Miq. Ann. Mils. Bot. Luj^d.-Bat. 3: 286. 1867. 

Covellia venosa (WiJld.) Miq. is F. le'ncantaioma Poir. 

SUMMARY 

Ficvs fsjahehi Burm.f. was named from a pre-Linnean species from the 
west coast of India. Its name in the orijrinal text was misspelled and its 
illustration was mislabeled. The former mistake, althouj*:h corrected in the 
same volume, seems to have passed almost or quite unobserved ; the fault iu 
the label was soon noticed. 

For nearly 120 years the name proposed by Burman was almost ignored 
except as a .synonym, and the tree usually was called either F. vvnosa Ait. 
or F, infecforia Willd. Both titles were applied also to other })lants. The 
resultinjr confusion, altliou^h not the ortho<rraphy, was straijrhtened out by 
Kin^' in 1887, and a sjuionymy prepared. Since that time Burman’s se<*ms to 
have been the only name used. 

The precedinjr study has collected and discusseil synonyms listed by Kiim* 
and others, has ditferentiated F. fsjahcla from the type of F. lacor Ham. and 
from F. gcnkulata Kurz, and has corrected some mistakes in determination, 
authorship, and spelling-. Herbarium specimens liave been examined at the 
Ncav^ York Botanical Garden, and literature there and at the Arnold Ar¬ 
boretum, Jamaica Plain, Mass. I am j^rateful for the use of these facilities 
and for help ^iven me by those in charpre of them. 

Montclair, New Jersey. 
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TORREYA 

Editorial Note 

With tin* ('losing of voluino 45 Torreya c(*asos to exist as a separate publication. 

It will b(* continued as a section in tliis and subsequent issues of the Bulletin, 

Tohreya orij^inaled in a r(‘solution presented at the annual meeting of 8 January 
1901. “The space of tin* Bulletin being now wholly needed for technical matter,” 
it was r(‘sohed “that tlie j)ublication by the Club of a monthly periodical is d<*sirable, 
to contain sho)*t artichss and notes with special reference to the study of the local 
lloi'a, thus (‘ovei'ing the ground occupied by the Bui.letin at its establishment in 1870” 
(Bull. Toi rey Club 28 : 190, 191. 27 IVlr 1901). Book reviews also were included, and 
th(‘ ProerrtJiug.'^ of the Chih wcu’t* transferred to tin* new periodical its second 
year (1902). 

Ju vi(‘w of tlu‘ greatly increased costs of iiublication, it has seem(‘d impracticable 
to continue to issue a sepaj’ate periodical for these purposes. It is relevant also that 
the >u])ply ol' short articles of the kind contemplated by (he founders of Torreya has 
been very limited; indeed from the beginning, Torreya included as many ^‘technical” 
j)ap(‘rs as thoM* “(d* a popular nature.” 

For thes(^ rt*asoiis tlu‘ Club has vote<l to merge the two periodicals. The name of 
the y(»nngei-, 'foRUKi'A, will h(‘ jnvserved at the hea<l of a special section of the Bul¬ 
letin, d(‘signed to include such materials as: sliort tlorislic notes, ehi(‘fiy of local 
iuter(‘st; hook revhovs; news items; proceedings of the Club. In this way tlie prohhuu 
j)r(‘senied in the resolution ot' 1901 may he solved in a different way. 

Souenvhat longiu* i)apers of a leehnieal iiatun*, such as have often been included 
in T(mKEVA, will take their proper j)!aces among the papers regularly published in the 
P>ULLKTIN.' - Tl. W. Ku^KErr 

Shout Aktiules and Notes 

Notes on the Mosses and Lichens of the Great Swamp (New Jersey).^ 

'flu' (Ireal Swamp ot' New Jersey is located in the southeastern corner of Morris 
('niinly. Sin<'<* Jaiiuarv 1944 (lie authors have been conducting an ecological survey 
o(‘ a half-mile~s(|uare area in (4iatham Township. This area may easily be located, 
sim e tli<‘ northei’n boundary (oiisists of a road known as Southern Bouhward, whicli 
starts at the point where the Public Service Company’s power line crosses it and 
cnntiniH's wtst om‘-}ialf mile. Tlie eastern boundary follows the west side of the 
])ow(*r line one-half mile south. Within tin* area all types of ecological habitats are 
found. \(‘ar Hu* northern boundary are dry sandy soils composed of glacial till and 
along tin* southern boundary are soils very acid and rich in peat. 

MOvSSES 

Tin* t'ollowing mosses wi* eolleet(*d in the survey area, the majority of which were 

1 Tliird contvil>iitioji to .an tvological survey of the Great Swamp. 
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^rowiii^r on the hitcher fjround. We are jyreatly indebted to Miss Franees Wynne of 
the New York Botanical Garden for detennininj^ this material. 


Poly trichum piliferum Hedw. 2~TV-44. 
Polyirichum commune Iledvv. 2-TV~44, 18- 
lV-44. 

Mnium cuspidatum Iledvv. lO-lV-44. 
Diirichum pnsllluni (Hedw.) E. 0. B. 10- 
IV-44, 18-1V-44. 

Dicranum honjeani DeNot. 10-1V~44. 
DicrancUa helcromalla (TIedw.) S(diimj>. 
18-IV-44. 


HeterophyllUi m haldan iau u m (G ivv.) 

Kiiidb. 18-TV-44. 

\fnium affine Bland. 18-IV~44. 
Eurhynchium alrif/osum (Hoff'ni.) B. and 
S. *18-1 V-44. 

f\ddia nutans (Sclireb.) Lindl>. 18-1 V~44. 


LICHP^NS 

So far we hav(‘ only coll<*cte(l lichens o:rowin«‘ in lh(‘ j^rasslands. Gn tin* northern 
end of tli<‘ snrv(*y ai*(‘a, opposite the Chatham Township Public School, ih a series 
of eleven fields running* north to south. Growing; in these fields we found ('ladonia 
eristatella Tuck, and Cfadonlu (frofiii Neariiijr. Thesj* two s])ecies were «:rowinj»’ to- 
^»:(‘ther on j»i*avelly j^lacial till with a ])H of o.lT. Associated with the lichcTis w(M‘t‘ 
a:rasses and a few herbs. This soil is vewy })oor in plant nutrients as indi<'ated by the 
very slow invasion of woody jdants. On March 11, H)44, the authors denuded a 
scpiare meter on which C. eristatella and C. qraffH were well (*stablished and on June 
9, 194;“), the cpiadrat was still barren, in spite of the fact that both s])(‘ci(“^ of Hclien 
wert‘ t’-rowinji* at the edj»es of the quadrat. 

AVe are ^^reatly indebted to All'. William L. I)ix of Morrisville, Pennsylvania, for 
d<‘termiriin‘>' the lichen specimens. —AViT.mA.M F. B.Mq, Ju., and Jankt L. C. 


Lippia lanceolata and other Unusual Plants at Cross Lake, New York. 

On Au«'u.<t 25, 1945, while we were* returnin**' from a field trip, with a uroip) of 
graduate students, a short stoj) on the west shore of (’ross Lak(‘ in central New 
York at once yielded a i)atch of Lippia laueeolala .Mich.x., the t‘oq:~fruil. It was 
tiTOwintr on da?n]) j>:round neai* the shore amonj^ PaalraW’ aqrosioides Si)r(‘n‘»’., 
Scirpas amcrieanas Pers., Lythraai saliearia L., and othei- species in lesser abun¬ 
dance. The very unfavorable weatlier ])reveiited sto]>pinj.i' longer to make a more 
extensive study of the area at that time. 

The manuals state lh<* ranj^e JAppia Umeeolata as N(‘w Jersey to southern 
Ontario and Alirinesota and southAvard to Texas and Florida. Actual records of its 
occurrence between southern Ncav Jersey and Michifiran seem to be rai*e. Jlouse^ does 
not list Lippia lanceolata trom New AA»rk State. Because the Cross Lake station 
appears to be isolated at some distance from the nearest recordt*d stations in New 
Jersey, Ohio and Miclii|>:an, anotlier trip was made* to ascertain the abundance and 
ran^e of l^ippia in that area. 

On September 5, accom))anied by Dr. K. T. Clausen and Miss Gertrude Aliller 
Ave visited Cross Lake a^ain, spending: most of the day exploring* much of its shor(‘- 
lirn^ vegetiition as well ns dredging from boats for a(|uatic s})ecies. Tliis survey rc*- 
vealed that Lippia lanceolata is I'athei' generally distributed in low wet ground along 
much of the eastern and Avestern shores of the lake and also along the Seneca l ivtu* 


J House, H. D. Flora of New York. N. Y. State Mas. Bull. 254. JD24. 
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whore it leaves the lake. In several plae€*s Lippia forms dense mats covering? exten¬ 
sive areas near shore. None Avas found more than 300 feet from the water’s ed|?e. 
Mo.st of the ]dants were sttwile hut a number of floweririfi: and fruiting: j)lants were ob¬ 
served on the higrher places back from shore. The plants were mostly decutnbent, or 
Avith erect branclu's wh<*n crowded, rather than prostrate or eree[)ing: as they so 
often occur hi the southern states. 

Cross I^ake is ])artly in (’ayugra county and partly in Onondaj?a county. It is 
about 5 miles long*. Its elevation is 375 feet above s<‘a level accrmling: to the F, S. 
To[>(>graphic Survey map. Its south end is traversed by the Seneca river which here 
is canalized and usikI by the Barj^e Canal. Most of the shore and much of the bottom 
of the northern part of the lak(' is composed of soft marl and broken shells. 

The following plants rarely found in central or w(*stern New York, Avere also 
collected in or around Cross Jiuke on August 25 oi* S<‘ptember 5, 3945. 

Pank'I M a<;host<)I1)ES Spreng. Common on wet shores along Cross Lake and the 
north shore of the Seneca rivei* where it leaves the lake; in Cayuga and Onondaga 
cunint ies. 

A('MI)a tax\A in xa L. On muddy banks of tin* Seneca river just AA’cst of the laki*; 
Onondag*a (*ounty. 

A/oi.i.a <’AK(mjxi\xa AVilld. Floating among Lennut minor L. in a sluggish inlet 
(*n((*ring tin' lake Ihi'ough a bog near the northwest eormn*; Cayuga county. 

Nx.ias .MiNOH Allioni, In shallow water near shore and also dredged in deeper 
walei* in >evi‘ral places off tli(‘ east shi>re of the lake; Cayuga county. 

The occurrence of this lu‘t(‘rogeneous asscanblage of jdants, otherwise unknown or 
known from ])ut few stations in c(*ntral or W(‘.stern .\ew York, i^ a subject for specu¬ 
lation. flow did thev ai’rive in Cross Lak<' and why did they become established 
tli<‘ref Or ai'e soim* ol' IIkuu indig<'iious there? Probably no one answer will suffice 
for all of tlu' live species mentioned. However, the fact that Cross Lfikc is a mecca 
for lisluu’inaii and is traveis<‘d by much wat(‘r Iraftic between Lake Erie and the 
.Hudson Kivci* ?ijust tiot be overlook(‘d in s(‘arching foi* ex]>lanations for the aj^pear- 
ance of tliCM* ])lanls in Cross ]jak<'. Tin* non-acid soil along most of the shore line 
and a ratln*!* constant and controlled water level during the summer months may 
furni>>h here a moiA* favorable habitat for these species than occurs elsewhere iu 
Avcstt‘ru New York. 

Specimcu> of all tlie sp<*<'ies mentioned have Inum collected by us and have been 
dt'posited in the licrhaiium (d' the Department of Botany at (’ornell Fniversity.— 
AV. C. Mn<:\st'HKK wn Bmjette I. I^hownt. 

Prck’eedinos of the CTjT r 

Minutes of the Meeting of May 16, 1945. The met'tiiig was called to order by Presi¬ 
ded 8eavev at il: JU) p.m. at The New York Itotaidcal (iavdeii with fourteen members and 
friends present. The minutes of the ju'ecediug meeting w’ore approved as read. 

The secretary read the report (attached to these minutes) of tin* committee appointed 
to etmipose a c(»ngratuiatory message to The New' Botanical Harden. The report was 

ace(*pted as read. Dr. Karling rejnirted that the mes.sage was to he (‘iigraved by the Colum¬ 
bia TTiivi’rsity Press. 

The president read an invitation from tlie lliologieal Laboratory of Fordham T'ni- 
versity to the t''luh to attend the ceremony, on May 24th, conf(*rring the honorary degree 
of Doetor of Seieuce upon Dr. William J. Bobbins. 

Dr. J. T. Baldwin, Blandy Experimental Farm, Boyce, A^a., w’as elected to life mem¬ 
bership in the Club. One annual member and one associate member were ;dso elected. 



94 


lUILLETIN OF TilE TORREY CLl^B 


I VoL. 73 


Dr. Karliiig made a motion re<|uostiiig .‘ifliliatioii of tin' Tonvy Botanical Cliil) with 
the Union of American Biological Societies. Dr. Oronqnist seconded the motion. There 
was some discussion concerning the advantages and obligations attendant upon such an 
affiliation. The motion was carried unanimously. 

Miss Hanson raised the question of granting a discount on Hubs(niptions on back a(*ts 
of the Bulletin to book-sellers or agencies. Dr. Karling moved the .‘ij)pointm(mt by the 
president of a committee of three: the editor, the business manager, and the treasurer, to 
investigate this question and decide upon a jmlicy. Dr. Levine seconded the motion and 
it was carried. 

The business meeting adjourned at 4: 00 p.m. to the lecture hall for an int(‘resting 
and instructive program by Dr. A. B. Stout on ‘ ^ Types of Tntra-specific Tncompatibilities. ’ ^ 
The speaker’s abstract follows: 

In respect to the locus of sexual reproduction in the life cycle and to tin' 
scope, action, and genetics of the modifying factors of incompatibilities, there 
are three' distinctive main classes of incompatibilities which may be designated 
as follow’s: 

I. The diploni-haplohi vhiss. In the flowering jdants tlu* inhibiting effects 
of self- and cr()ss-inconipatibilities occur chi(‘fly during reactions betwc'en the 
diploid tissues of the i)istils of flowers of the sporopliytic generation and the 
haploid pollen tubes of th(‘ alternating gametopbytic generation. 

II. The haploni-haploni claan. In the fungi the reactions of incMuapati- 
bilities occur in tlu' interrelations between indivi<luals that anj haploid, Insexual 
and gametophytic. 

III. The diplont-diplovf class. In the ciliates among animals the reactions 
of incum])atibilities operate chiefly in the relations of selective conjugation b('- 
tween individuals that arc bisexual and diploid and hence c()m)>arable to Ibe 
sporophytic generation in plants. 

The incompatibilities noted in this presentation are selectiv(‘ limitations to 
th(‘ sexual reproduction of homomorphic hermaphrodites. Tlnw limit or ]uev(‘nt 
both self-reproduction and iiitra-genotypic cross-reproduction. They effect inter 
genotypic iiitra-specdflc reproduction. 

Incompatibilities operab' by inhibiting certain of the physiological intt‘r- 
actioiis that are essential to sexual reproduction but which are not features of 
nuclear or gametic sexuality. 

Pollen-tube reactions in llio ])istils of flowering plants, fusions ef mycelia 
and spermatial fertilizations in fungi, and ccuijiigntions betweem individuals of 
ci1iat('s are all stabilized reactions of intraspetdfic s(*xnal nqirodnctioii. Wlieii 
there are no incompati])iliti(*s there is unrestricted interaction in these features 
of intraspec'ific reproduction. Incomj)atibiliti(*s are superimjjosed on these 
mechanisms and they effect certain failures in interactions which would other¬ 
wise occur. 

lncom])atibiliti(‘s are g<‘netic.illy determined by factors which si'grt'gate in 
meiosis. In the homomorjdiic bisexual members of a ])OpulatioH they may be 
the only f<*atiire of sexuality that does segregate in nuiosis. lids situation has 
not been recognized in many considerations of sexuality esp<'cialJy in the fungi. 

The simpk'st mode of inconq>a1ibiUties is that w'hich is dot<‘rmined by a 
single allelic pair of factors (personate mode) o]>orating in haplont-haplont rela¬ 
tions. Then there may be only two mating groupvS. A ininiimini number of 
multiple alleles in a haplont-haidont relation is three. In all tin* clavsses there' 
may be/ numerous multiple factors and numerous mating geiioty]»es. Further 
complexities involve two oi* more allelic series (a.) of incompatibility factors 
(amphipersonatc*) or (b) of one such series in comphuuentary relations wdth 
factors wiiich favor fertility (associate' mode) or of more than one series of 
(‘acli (ampliiassociate). 

The basic incompatibility reaction is evidently one of independent self- 
antagonism. But the presence of two or in(»re different factors enforces various 
types of complementary and competitive reactions. m 
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In addition to inooinpnlihilities there are other methods of preventinjj self- 
and intra-genotypic reproduction and of enforcing bigcnotypic reproduction in 
hermaphrodites, (a) Tliere are herkoganiy and dichogamy which ojierate to 
separate elements of sexual reproduction previous to their interaction, (b) 
There are the conditions of ])olymorphism, especially developed in dinK)r])hic and 
trimorphic species of flowering plants, in which incompatible reactions an; corre¬ 
lated with morpliological features. 

It is of course* to be recognized that in any truly dioecious s]>ecics the 
reproduction of the unisexual individuals is obligated bigenotypic. 

Intraspecific incompatibilities operate with remarkable similarity in phanero¬ 
gams. in fungi, and in ciHates. Differences in the locus of sexual reT)roduction 
in tin; life cycles of these diverse and phylogenetically widely separated groups 
of organisms are refl(*<*ted in three distinct classes of exprossiem and genetic con¬ 
trol which may be designated (I) haplont-diplont, (II) haplont-haplont, and 
(III) diplont-diploiit. Without doubt future studies in the groups mentioned 
and in other groups of plants and animals that were not mentioned will reveal 
further nu)d(‘s or even other class(*s of reaction and determination. 

After tin* scientific j>rograni the members were serveel tea by the Garden Staff in the 
Members ’ Room. 


Respectfully submitted, 

Fhances E. Wyxxe, 

Hr cor (ling Secretary 
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:arlton clarence curtis 

1864-1945 

P]DWIN B. Matzke 

Professor CarJtoii C. Curtis wove liis Jife inextricably into the science of 
botany, to which he was complete!}’ devoted, and into Columbia University, 
which he served lonj^^ and faithfully. Through his eiforts, both the science and 
the IJniA’ersity have been deeply enriched. • 

Carlton Clarence (hirtis was born near Syracuse, N. Y., in 1864. His early 
training was at Syracuse University, from which he received his bachelor’s 
degree in 1889, and at Columbia University, which awarded him the master’s 
degr(‘e in 1892. lie then returned to Syracuse for the doctorate in 1893. 
Subse<niently he studied at the University of Cambridge in England, where 
he was asso(*iated witli Francis Darwin, and at tlie University of Leipzig in 
Germany, where he worked under the brflliant plant physiologist Pfeifer. 
The training which he received under these two men is reflected in his publi- 
(!atious in the field of plant ])hysiology. 

For two years Dr. Curtis was ])rincipal of Fayetteville Union School, 
N. Y., and foi* two additional years he was an instructor in natural science 
in Brooklyn Polytechnic Institute, N. Y. In 1892 he was appointed assistant 
in Columbia Univei^sity, and from that year until his retirement in 1934 he 
was associated with its Department of Botany; it was there that he did his 
life work. 

The published material of Dr. Curtis covers a wide range of topics and 
attests the catholicity of his interests. His earliest investigations dealt with 
the striu'tural and cellular features of orchid seeds and their significance in 
classification. He then made* careful studies of the early stages in the develop- 
ment of the licheji thallus, and followed these with an account of algae 
characteristic of New York harbor. In 1898 he i)ublished a lucid discussion 
of the evolution of assimilating tissue and the fundamental nature of the leaf 
in the plant kingdom. During the early years of the tAventieth century. Pro¬ 
fessor (hirtis turned his attention largely to the young and growing science 
of plant physiology. In a series of experiments he analyzed turgidity in the 
hy}>hae of fungi under controlled and varying environmental conditions. 
Next there folloAved a series of studies on transpiration. The Avork performed 
by the plant in transpiration was computed, and subsequently the daily 
transi)iration curve in light and in darkness and correlated stomatal activity 
Avei'e recorded and interpreted. He then studied the characteristics of etiola¬ 
tion developed by plants growing in feeble light. Professor Curtis also pub- 
• • J03 

[Thk IAulth^tin for Jaiiu:iry-“Fc])niaiy (73: 1-102) was issoed Januarv 7, 1940.] 
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lished an article on successive flowering of the tulip tree in one season, and 
another on the conifers of the northwest. From a consideration of his investi¬ 
gations, it is eiddent that his research interests were unusually broad. During 
these years he also prepared numerous book reviews. 

Professor Curtis published three books. The first, A textbook of general 
botany, appeared in 1897; this was modestly intended as ^‘an exposition^’ 
of the laboratory work required of beginners at Columbia, but it is a sizable, 
complete and well-illustrated volume. The second book, Nature and develop¬ 
ment of plants^ w^as first put out in 1907, and has gone through numerous 
editions and printings. It has been used widely as a text-book in elementary 
courses in botany in colleges and universities throughout the United States. 
It is written in pleasant literary style, and in this respect is entirely different 
from the stilted approach so characteristic of scientific text-books. Nature 
and development of plants w^as a superior presentation of the whole field of 
botany; the second part of this work, dealing with the plant kingdom, is still 
unsurpassed as a brief discussion of the groups of plants. Dr. Curtis’ third 
book, A guide to the trees, appeared in 1925. Although complete treatises on 
the trees of northeastern North America w'cre available, this w’as intended 
4 S a brief but scientifically accurate guide, written in language w-hich could 
easily be understood. The drawings w-ere made by Mrs. Curtis. This volume 
has also had wide use and has passed through numerous printings. Tt is of 
course distinctly unusual foi* a man trained in physiology to write a success¬ 
ful book on trees. But Professor Curtis w^as thoroughly familiar with plants 
in the field; he personally assembled the sizable herbarium which is now used 
as the teaching herbarium of Columbia University. In a w^ay achieved by few' 
.men, Dr. Curtis w^as a general botanist, sjiecifically trained in various fields, 
and capable of seeing the plant as a wiiole and of visualizing the problems 
connected with it in three dimensions. 

This breadth of outlook and training w'as to a considerable extent re¬ 
sponsible for his remarkable success as a teacher; for in spite of his accom¬ 
plishments as a scientist and »as an author, his greatest aidiievement was 
probably in the classroom. Dr, Curtis taught the large general course in ele¬ 
mentary botany throughout his long period of association wdth Columbia 
University. For many years he conducted the graduate work in plant mor¬ 
phology; he also gave a course in Columbia College on algae, and another 
in the School of Engineering on trees and timbers. Dr, Curtis’ lectures were 
always carefully prepared, delivered in fine English, and tomdied with 
humor. The thousands oi students wdio passed under his tutelage res])ected 
him for his learning, admired him for his ability as a teacher, and sought his 
counsel because of his sympathetic and human understanding. 

Dr. Curtis joined the Torrey Botanical Club in 1892. For more than 
tw^enty years he was one of its very active members, frequently reporting 
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on the program and serving in sundry capacities. He was treasurer in 1906 
and 1907, and associate editor from 1898 to 1902; he served on the program 
committee for two years, on the committee on admissions for four years, and 
on the local flora committee from 1909 to 1920. He was elected to life mem¬ 
bership in 1934. He was also a member of Phi Beta Kappa, Sigma Xi, and 
Jiumerous scientific societies. 

In his earlier years Dr. Curtis was a man of buoyant disposition and keen 
good humor, animated, eiiei-getic, and wuth a wide circle of friends. He was 
always inter(\sted in camping and fishing; even in later years he could cast 
a fly with fine precision, and his skill wnth a rifle never left him. He liked to 
spend his sjiare hours in the field. Sometimes on foot and sometimes by canoe, 
he would disappear into th(‘ vanishing wilderness in various parts of the 
United States and Canada to seek refreshment. When he was no longer vigor¬ 
ous enough to do this, he built simple cabins—always beyond the end of the 
trail, and there In* studied plants and birds under undisturbed conditions. 
Dr. Curtis was an accomplisiied naturalist; he kept records and made obser¬ 
vations in the field for many years, and he had a keen appreciation of plant 
and animal life, in which he never lost interest. 

Unlike most scientists. Professor Curtis was widely read in literature^ 
in the Bible, and in woi'ld affairs. Poetic and sensitive by nature, he had a 
natural api)reciation of good literature. He traveled extensively, not only in 
North America, but in little-frequented parts of Europe, and in the Holy 
Land. Even in his advancing years he was still the witty, animated, brilliant 
convcTsationalist, with an almost endless fund of true stories, drawn mostly 
from his own experiences. His broad scientific training, his interest in wild 
life, his appreciation of literature, liis wide travels, his sense of humor, and 
his forceful personality all blended to make him a man of unusual riehnevss 
and (‘harm. Although thoroughly kindly, he was strong in his conviction of 
right and wrong, completely impatient with sham and pretext, and unwilling 
to mince his words. Siu'h men frequently suffer internally in an imperfect 
world. 

Professor Curtis spimt more than ten years in idyllic retirement. He con¬ 
tinued to travel to some extent, but lived mostly at Tryon, North Carolina, 
Avhere the Blue Ridge Mountains roll away from the Piedmont. Here he and 
his wife, Ellison Gwyn Curtis, built an unpretentious but attractive home, 
facing the mountains. They were singularly bless(*d in having in common 
similar philosophies of life, love of good literature, interest in plants and 
birds, appreciation of the beautiful, fondness for camping, fishing, and 
travel, and a sense of humor. 

Professor Curtis died at his home at Tryon on April 10, 1945. In his 
passing the science of botau}^ lost one of its greatest teachers and one of its 
finest scholars. His long and fruitful life was one of rich accomplishment and 
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noble simplicity. The letters which so many of his stiuleiits have written are 
at once a mark of the esteem in which they held him and a tribute to the 
inspiration which he afforded them. They all speak of him in similar terms, 
as one who was a thorough gentleman, whose life reflected the quiet greatness 
of his soul. 


THE PUBLISHED WORK OF CARLTON CLARENCE CURTIS 
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plant physiology.) Torreya 2: 56-57. 12 Ap 1902, 

Some observations on transpiration. Bull. Torrey Club 29: 360-373. 20 Je 1902. 
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Torreya 3: 41-43. 20 Mr 1903. 

Observations on etiolation. Torreya 3: 70-73. 12 My 1903. 
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Institution of Washington, Publicatioli No, 6.) Torreya 4: 40-41. 12 Mr 1904. 

The pines of the Northwest. Shields’ Mag. 1: 383-385. ilUtKf. N 1905. 

Winton^s Microscopy of vegetable foods. (Rt'vicw^ of: Winton. A. L. Tlie microsi'opy of 
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nosis of mixtures.) Torreya 6: 94-96. 23 My 1906. 
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Kracmer^s Text-book of botany and pharmacognosy. (Review of: Kraemer, Henry. A 
text-book of botany and pharmacognosy.) Torreya 7: 145-147. 19 Jy 1907. 

Be Vries’ Plant breeding. (Review of : Be Vries, Hugo. Plant breeding.) Torreya 7: 
18(i-190. 21 S 1907. 

A biographical sketch of imeien Marcus Underwood. Bull. Torrey Club 35: 1-12. Tort, 
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Haiiausek’s Microscopy of technical products. (Review of: IIanattsek, T. F. The micros¬ 
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collaboration of Kate G. Barber.) Torreya 8: 79-80. 29 Ap 1908. 
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Britton’s North Ajnorican trees. (Eeview of: Britton, Nathaniel Lord, Avith the assis» 
taiiee of John Adolph Shafer. North American trees.) Torreya 8: 167-170. 29 
Jy 1908. 
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FURTHER STUDIES ON THE ERYSIPHACEAE OF CHINA^ 

P. L. Tai^ 

Taxonomic work in hing\ is usually done with herbarium material. Most 
of the taxonomists still clin^ to the old conception of the rijridity of species. 
Allowance is not, as a rule, du]y made for the effect of environment and host 
on the variation of morpholo«:ieal characters. Salmon is conservative in 
species limitation, recognizing in his monograph of the Erysiphaceae (Mem. 
Torrey Club 9: 1-292. 1900) only 49 vspecies and 11 varieties for the whole 
world. The fact tliat Salmon’s mojiograph lias remained the standard work 
for so many years is not without reasons. After many years’ study on the 
Erysiphaceae of China both in the field and in the laboratory the writer has 
come to believe that a broad view on species limits should be taken. 

This paper giv(*s Jiiainly results of careful comparative studies of all 
available collections of most of the species of Erysiphaceae so far reported 
from China. It seems advisable and proper to keep the eollec^live species: 
Erysiphe Polygoni, Erysiphe (^ichoraccarnni and Mierosphafra Aini as 
emended by Salmon. One variety of Erysiphe, two species of Microsphaera 
and one species and one variety of Vncinnla are described as new. 

Spiiaerotheoa PULiGiNEA (Sclilecht.) Pollaei. 

OiiBidens hipinnafa, Fukien: Shaowu, Loh On Coftmoft bipinnnta, Yunnan: 

i^unming, 6S6£,^ On Cucurhita Pepo, Yunnan: Kunming, On C. sp., Yunnan: Kun¬ 
ming, 4051; Chengkiang, 404S. On Jltbiscus mniahilis, Yunnan: Kunming, 71-11S, 

On K, syriacus, Yunnan: Kunming, 8016. On Ivipaticns Yunnan: Kunming, 

4110; Tali, 4109; Fukien: Shaowu, Loh 16,5il8. On Taraxacum orient ale, Hopei: Kalgan, 
W%i 11$. 

Perithecial stage rarely occip’s on members of the (hicorbitaceae. Ery^ 
siphe Cwhoracearum has been recorded on them in Europe, North America, 
and Japan; E. Humuli in Europe (Marie, R., Bull. Soe. Mycol. Pr. 48: 231. 
1930) and Sphaerotheca fiiUginca in Central Europe, Russia, and Japan. 
In China only ^Sphaerotheca fnliginea has been so far found on Cucurbita 
Pepo (Sinensia 3: 98. 1932). In a previous ]niblieation (Tsing Ilua IJniv. 

1 Paper No. 27 from the Division of Plant Pathology, Institute of Agricultural 
search, Nat. Tsing Hua University, Kunming, Yunnan, Cliina. 

2 The writer wishes to acknowledge his indebtedness to the following gentlemen for 
sending specimens for this study: Professors L, T. Lin, Tsing-tsuh Loh; Drs. C. S. Wang, 
H. K. Chen, L. Ling and C. T. Wei; Messrs. Y. S. Wu and W. L. Hsian, and especially 
to Mr. C. Y. W^u for identifying host plants. 

3 This refers to the Tsing Hua Pathological Herbarium number for additional collee- 
mostly made in Yunnan since 1939. 
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Inst. Agr. Res. Bull. 6: 22. 1941) the writer lias referred the powdery mil¬ 
dews on Cucurhita sp, and Momordica charantiu collected in the province 
of Yunnan to Erysiphe Cichoraceamm, relyin^ at that time on the erroneous 
determination of the conidial stage. Since then perithecia have been found, 
on re-examination, on two of the collections, nos. 4048 and 4051. The fungus 
again proves to be ^phaerotheca fnluiinca: perithecia 89-106 p in diameter; 
cells of the perithecial wall 17-29 jj wide, mostly above 21 jj; asci subglobose 
or broadly ovate, 69-91 x 57-69 \\; spores 16-20 x 11-16 jj. Conidia in chains, 
29-34 X 20-21 [I with librosin bodies. 

Spuaerovheca LANESTRis Harkiicss. 

On Lithocarpus dealhata, Yunnan: Kunming, -illL. On Qucrciis Delavayi, Yunnan: 
Kunming, 7r^^j7. 

The occurrence of this species in China was reported by the writer in 
1935 (Bull. Ch. But. Soc. 1: 13. 1935). in the collections of powdery .mildew 
made at different places in the ])rovince of Yunnan, a form of Spha-eroiheca 
lanestris with evanescent mycelium has been found on Lithocarpus dealhata 
and Quevens Delavayi: hyiiophyllous; mycelium (wanescent; perithecia sub- 
gregarious in s))ots, 90-114 g in diameter; appendages usually obsolete or 
few, short, branched, thick-walled, hyaline, at the base of the peritheciura; 
asci at first fusiform, becoming broadly ovate or subglobose after absorbing 
enough water, 86-105 x 63-75 p; spores edlipsoid or oblong, 24-31 x 16-20 p. 
The fusiform asci, when not fully ex])anded, measure 114-157 x 54-63 p. A 
novice would consider the present plant as a distinct species if he took the 
fusiform, not fully expanded asci as typical. (Fig. 1.) 

Tlie writer re-examined specimens of the collection, Chco 2851, collected 
by 'Sir. S. Y. Chco in Kwangsi, which had been referred to Sphaerotheca 
lanestris in 1935 fl.c.) as above mentioned, and found that the fully ex- 
])auded asci measure 77-100 x 60-66 p and are also broadly ovate or sub¬ 
globose in shape. The Yunnan form on Lithocarpus dealhata and Qup7Tus 
Delavayi is no dembt identical with the former in si)ite of the fact that its 
myi'cliiim is evanescent. The character of the mycelium is, therefore, not a 
constant one in Sphaerotheca taficstr^. 

Sphaerotheca PANNOSA (Wallr.) Tk\. 

On Bosa cvntifoVia, Y^unnan: Kunming, 411.3, On B. mnlf(flora, YuNxNAN: KiinminJ;, 
4113. On B. rugosa, Kianosu: Wusih, IT. N. Path, no, 3915. 

The plant on Rosa< rugosa (IL N. Path. no. 3915) was formerly referred v, 
to Sphaerotheca Ilumuli (Bull. Ch. Bot. Soe. 1: 13. 1935). Re-examination 
of both the perithecial and conidial stages of the original collection show’s 
that the plant should be identified as Sphaerotheca pannosa. Its.description 
follows: 



110 


BTTLLETIN OF THE TORREY CLUB 


[VoL. 7:1 


Amphif^enous; mycelium persistent, thick, effused or forming patches, 
white at first, becoming gray or brownish, also on petioles; conidia^ in chains 
(2-4), cylindrical, with fibrosin bodies, 24-30x10-15 p, conidiophores 4-5- 
celled, 107-149 x 8.5-10 jj, perpendicular to the hyphae. Perithecia gregari¬ 
ous to scattered, immersed in the persistent mycelium which is thick-walled, 
hyaline, about 5-6 |j thick, 81-97 \x in diameter; cells of the perithecial wall 
obscure, 10-16 p wide (mostly 11-13 p); appendages few, 1-10, often obso¬ 
lete, tortuous, thiek-Avalled up to the apex, brownish or only colored at the 
basal part, hyaline or subhyaline at the upper part, very short (1/5) to 
twice as long as the diameter of the pcrithecium, usually short, 3.6-5.0 jj 
wide, 1-septate at the base; asci globose or subglobose, rarely shortly stalked, 
89-104 X 76-83 j.j; spores 8, ellipsoid, 27-34 x 16-20 

Two species of Spliacrofhvca have been recorded on Rosa spp.: SpJt. 
paymosa and f^ph. HiouuJi. Sph. paunosa is close to H^ph. Humuli, but differs 
mainly in the i)ersistent, thick, and painiose mycelium, the shorter and tor¬ 
tuous appendages, and the larger asci. The conidia of the former species are 
also much shorter and narrower than those of the latter. On account of these 
distinct characters the ])resent form is referred to Sph. pnnyiosa. In the 
description of this fungus by Salmon (Mem. Torrey Bot. Club 9: 66. 1900) 
the appendages are described as ‘S^ry short.’’ Those of the present plant 
are usually short, few, and sometimes obsolete, but often short and long ones 
occur on the same pcrithecium, the long ones attaining a length up to twice 
as great as the diameter of the i)erithecium. 

According to Woroiiichine (Bull. Trim. JSoc. Myc. Fr. 30: 398. 1914) the 
appendages of Sph, paymosa on peach are 10-15 in number, (dear brown 
and short (^‘15-30” p long), but sometimes attaining a length of 70 to 90 u 
long (perithecia ^‘70-93.6” p in diam.). Schwarze in his ‘‘Parasitic fungi 
of New Jersey” (New Jersey Exp. Sta. Bull. 313: 33. /. 120. 1917) stat(^d 
that the appendages of Sph. paymosa are few, very short, and tortuous, but 
his illustration of the peritheciuin shows eight colored tortuous a]^pendages 
which are at least as long as the diamc^ter of the pcrithecium. From these 
it is evident that the appendages of Sph. paymosa are not uniformly “very 
short” as stated by Salmon. 

Sphaerotiieca Wrioiitii (B. & C.) V. Hoehnel. 

On Qucrcus glaiica, Fukien : Shaowii, Loh ]6,4O0. 

Hypophyllous; mycelium persistent, forming definite patches; bi'own 
hairs from the mycelium, sickle-shaped or various in shape, occasionally 
branched, thick-walled to the apex; perithecia 60-74 g in diameter; cells of 
the perithecial wall obscure, those of the inner wall 6-15 g wide; appendages 

4 According K* Mile. Bouwens (Phytopath. Lab. Willie Commelin Seholtcn Meded. 8: 
3-47. 1924) the i.verage length of the conidia of Sph. pannosa varies between 22.92 and 
28.08 p., the average width between 13.03 and 15.81 p. Conidia of Sph. HumuH including 
Sph. fuliginea were found by her to vary in length between 20.65 and 39.89 p and in 
width between 16.22 and 22.20 p. 
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few, ]-4, at the base of tlie peritheeium, tortuous, brown, short (e(pialiuj,^ 
the diameter of the peritheeium) and thick-walled; asci broadly ovate, 
57-71 X 44-54 [i ; spores ellipsoid or ovoid, 17-23 x 11-16 p. 

Sphaerofheca IVricjhtii is distinct from tiph. Janestris by the presence 
of the brown, sickle-shaped hairs, smaller perithecia, asci, and spores. 

PoDOSPiiAERA LEPcoTRiciiA (E. & E.) Salmon. 

On Maluf< fipeclahUi^i, YrNNAN: Kimminp^, 

This fuiij?us is common at Tapugi, Kunmin^% and causes serious disease 
in Malvs speciahiUs, The perfect sta^e has not yet been collected. Its eonidial 
stag:e is as follows: mycelium amphigenous and caulicolous, persistent, thick, 
etfused; conidiophore 4-5-celled, 74-114 x 8.6-11 p; conidia in chains, ovoid, 
broadly elliptic or obloiijr, cojitainin<r fibrosin bodies, 21-23 x 14-19 p. 

PoDOSPiiAERA OxYACANTHAE (DC.) (Ic Barv. 

On Cralatguis acahrifolia^ Ycnkan: Kunming, 79J7. 

Only the eonidial stage was collected. It shows the following characters: 
mycelium amphigenoiis, persistent, forming definite patches; (‘onidiophores 
5-^-celled, 129-200 x 7-9 p; conidia in chains, ovoid or oblong, 20-27 ^ 
10-13 p. 

PoDOSPiiAERA TRiDACTYLA (Wallr.) dc Baiy. 

On Prunns Ptmira, Ycnnan: Kunming, 7tn(>. 

Amphigenous, mainly hypophyllous; mycelium evanescent; perithecia 
scattered to gregarious, cells of the perithecial wall obscure, 8.^11 p wide, 
8»V90 p in diameter; appendages 2-4, septate, 3-5 times dichotomously 
branched at apex ; ultimate branehlets recurved; asci 59-70 x 57-64 p ; spores 
19-27 X 13-17 p. 

Erysipub CicnoRA(^EAurM DO. E, PJaniayinis (Link) Sawada, Agr. 
(jov. Res. List. Formosa Report No. 24: 49. 1927. E. fahaci Sawada, Ibid.: 
43. 1927. E, lamprocarpa (AYallr.) Duby in Blumer-Beitrage Krypto- 
gamenflora der Schweiz 7 (1): 275. 1933. 

On Kicotiana tahacum, A’cknan: Kunming, 40o3y 4137f 5255; Shihping, 6940; 
Tjicliwang, 4054. On PJantago major, YrNNAN: Kunming, 4103. 

Sawada (l.c.) and Blnmer (l.c.) restored the form of the collective spe¬ 
cies, Erysiphe Cichoracfarum, on the genus Planiago to specific rank, and 
named it E. Platifaginis and E. lamprocarpa respectively as a result of 
cross-inoculation experiments and on minor morphological differences. In a 
study of the eonidial stage of species of Erysiphe in Formosa, Sawada found 
that the conidiophores of that genus could be divided into three types: (1) 
conidiophore perpendicular to the hypha without enlargement at the base: 
forms on tobacco, poppy, Lconurus sibirica and Lencas javanica have this 
type of conidiophore; (2) couidiophon* arising from the side of the hypha 
with its basal part curved: forms on Planiago, Lactuca dehilis, Somhxis 
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arvensis, etc.; (3) couidiophore perpendicular to the hypha with the basal 
cell enlarged: E, gr^ani'inis. E. Planfaginis was separated by Sawada from 
the other forms of E. Cwho^raccariwi mainly by its inability to infect hosts 
other than Planiago majors and the curved basal part of the couidiophore. 
Eegardin^ the latter the present writer has found perpendicular conidio- 
phores in the form of Erysiphe Polygoni on Pisum aaiivumy but curved 
conidiophores in that of the same species on Vida Faha. in the material col¬ 
lected at Kunming. From this it is clear that this minor morphological 
difference of the couidiophore is not of sufficient imjiortanee for differentiat¬ 
ing species. 

Blumer (l.c.) stated that E. lamprocarpa differs from other forms of E. 
Ciehoracearum sensu lato by its very numerous and short appendages as 
well as its long and narrower conidia (‘^35-39’’^ long, ‘‘16-19’'p wide). 
On re-examination of the (9dnese form of E. Cwhoract arum, on Planiago 
major and also of fresh material of the conidial stage, it has been found 
that the number of appendages varies from 20 to 60 or more. Short and long 
ones occur on the same perithecium measuring from (37)100 to 294 p in 
length. They are never uniformly short and numerous. Sawada described 
the appendages of the Formosan form as several in nnmb(‘r, long and short 
on the same perithecium, measuring 36-200x8 p. The size of the conidium 
if the Chinese form, accoi’ding to the measureiiKnits of the wi*iter-26-40 < 
4-18 (21) p-, is very close to that of Blumer and Sawada. But the conidium 
of a form of E. Cidwraevarum on tobacco collected at Kunming is practi¬ 
cally of the same size as that of the fungus on Planiago: 26-41 p long, 
14-18 p wide. 

The couidiophore of the form on tobacco and popj)y is said to be ])erpen- 
dicular to the hypha. On that account this form was raised to specific rank 
by Sawada as E, iahad. It is similarly untenable for the reason already 
stated. 

It is of interest to note that E. Ciehoracearum has been recorded on 
Helianihus annuus in Europe, North America, and Japan, while in their 
studies of Erysiphaceae of China AVei and the present writer have so far 
only found E, fnlighiea on that host plant. Teng also reported the same 
species on the latter (Ckmtr. Biol. Lab. Sc. Soc. China 8 : 7. 1932). Altliough 
E. Ciehoracearum has been reported on Helianihus annuus from this coun¬ 
try by Chu (Jour. Agr. Assoc. China 54. 1927) this report might have been 
based on the conidial stage alone, for the conidium of E. Ciehoracearum is 
often separated with difficulty from that of E. fuliginea. In the Tsing Hua 
Pathological Herbarium there is one collection of Erysiphe, no. 4052, on 
Helianihus annuus collected at Chengkung and identified as E, Cichor- 
aeearum by Prof. L. T. Lin. The writer did not succeed in finding any 
perithecia on specimens of that collection and sus})e(*ts that this fungus also 
might be E. fuliginea. 



3040] 


TAI: EKysiPlIACEAE OF CHINA 


113 


Ekysiphe graminis DC. 

On Tritwum aestivuniy Yunnan: Kunming, 79o7; Chengkung, 4057, 4056; Tacli- 
wang, 5330; Mengtze, 5334, 5354; Jautung, 4060; Tungehuan, 4061; Hsungtien, 4063; 
Kwangtung: Canton, 4059; Siienbi: Yen-an, Wu 1000. On Hordeum vulgare, Yunnan; 
Kunming, 5367; Chengkiang, 5318; Lunan, 5336; J Liang, 5343; Mongtze, 5339. 

Erysipiie PoijYgoni DC. E. Olycivcs Tai, Tjingnan Sci. Jour. 18: 457. 
1939. 


On Amphicarpara Edgeivorihii, Yunnan: Kunming, 79(f4, 7606. On Begonia ynn- 
jianensifi, Y^unnan; Kunming, 7931, 7919. On B. Evansiana^ Honan: Sunghsien, Wang 
1915. On Cafiianop.m concolor, Y’unnan: Kunming, 8037. On C. Delavayi, Yunnan: 
Kunming, 4194, 7304, 7942; Chengkiang, 5671; Y’uankiang, 6690, 6666; Merhkiang, 
6986. On C. sp., Sikang: Siclian, 8497. On Lathyriis palmtri.^, Y'unnan: Kunming, 8151, 
8150. On Pi.snm sativum, Yunnan: Chengkung, 4064; Fukien: Shaowu, Loh 18,259. 
On Polygonum nodosum., Fukien: Yungan, 7518. On Plectranihus eriocalyx, Y'unnan: 
Kunming, 8206. On Quercus Schottlcyana, Y'unnan: Kunming, 4066, 8018, 8021. On 
8amhucus adnata, Yunnan; Kunming, 5282, 5283, 5298. On Thalictrum reticulaium, 
Yunnan ; Chichushan, Pinchuan, 4047. On T. Delavayi, Y’^unnan: Kunming, 7941. On 
T. s])., Honan: Sunglisicn, Wang 2400. On Vicia dasycarpa. Y^'unnan: Kunming, 7818, 
On Ervilla, Yunnan; Kunming, 7820. On V. Faha, Y'unnan*. Kaiyuan, 4063; Cheng¬ 
kung, 5317; Kunming, 7556. On J\ moatha, Y'unnan: Kunming, 7819. On V. saliva, 
Yunnan: Kunming, 7491. On l\ tefrasperma, Y'unnan: Kunming, 72:^0. On V. villosa, 
Y'unnan: Kunming, 7821. 

Thu aiipoiidages of all these (‘olleetions vary much in length on the same 
peritheeium, and in number on the same specimen. The size of the peri- 
thec'ium and tlie number of ascospores also vary greatly. All these collections 
are, therefore, referred to Erysiphe Polyyoni as emended by Salmon. A 
careful conifiarative study has also been made of the other available collec¬ 
tions; the eharaeters of these eoJIections grade into mie another in such a 
Avay that it does not seem feasible to split tlie eolleetive sp(H*ies, E. Polygon), 
into many as Dlumer lias done. 

The fungus on C a,si an ops is has relatively smaller perithecia and uni¬ 
formly very short and numerous basal appendages. But when all its char¬ 
acters are considered as a whole, it is still Avithin the limits of E. Polygoni 
sensn lato. The diameters of this fungus follow: epiphyllous; mycelium 
persistent, effused or forming definite patelu'S; perithecia gregarious to 
scattered, cells of the perithecia! wall 7-13 p wide, 60-94 p in diameter; 
a])pendages basal, numerous, flexuose-coritorted, hyaline or brownish, 1- or 
mostly non-septate, not branched or 1-2 dichotomoiisly branched at apex, 
1 to ^ of the diameter of the ])erithecium; asei 2-4, broadly ovate or sub- 
globose, with or Avithout a very short stalk, 46-60 x 40-54 p; spores 5-7, 
rarely 4 or 8, oblong, 21-29 x 11-14 p. 

A species of Erysiphe on Epimediurn from Honan, although shoAving 
affinity Avith E. Polygoni, is remarkable in having larger asci and longer 
spores. It is here considered as a iieAv A^ariety of E. Polygoni: 

Erysiphe Polyooki var. Epimedii Tai, var. iiov. 

On Epimediurn sp., Honan: Sunglisieii, 1942, 0. S. YVang, Wang 2520, type. 

A typo differ! as(ds 64-80 x 36-51 p majoribus, sporidiis 20-34 x 10-14 p 
lougioribus. 

This A^ariety lias larger asci and longer spores. Tt shoAvs tlie folloAvine 
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characters: hypophyllous; mycelium persistent, effused and arachnoid; 
perithecia sub<^regarious to scattered, cells of the peritheeial wall 10-14 |j 
wide, 104-129 n in diameter (mostly 120 fj); appendages 15-22, 1-5 times 
the diameter of the perithecium, loiij^t and short on the same peritheciam, 
hyaline, not branched, flexiiose, hyaline or brownish and thick-walled below, 
sometimes geniculate; asci 8-12, ovate with a short stalk, 64r-80 x 36-51 p; 
spores 4-5, usually 5, oblong or subcylindrical, 20-34 x 10-14 p. (Fi^. 2.) 

Erysiphe sp. 

On Populns Simoniiy Shensi: Paoclii, Se]>t. 29, 1939, Y. S, JVu S4S9. 

A species of Erysiphe was collected on P&pulus Simonii at Paochi, 
Shensi, by Mr. Y. S. Wu in 1939. Unfortunately the plant is immature. It 
shows the following chai^acters: epiphylloiis; mycelium persistent, dense, 
effused or forming patches; perithecia subgregarious to scattered, cells of 
the peritheeial wall obscure, 150-181 g in diameter; appendages numerous, 
basal, tortuous, usually short to one-half as long as the diameter of the 
perithecium, hyaline; a.sci 6-12, broadly ovate to subglobose, 53-57 x 33-41 |j; 
spores not yet delimited. 

Microsphaera Alni (Wallr.) Winter emend. Salmon. 

On Alcehin trifoliata, Honan: 8 unghsieii, IVong 6JJ. On Corylm heterophylla, 
Honan: Siinghsion, Wang 1061. On Casfanea molUfisimay Yinnan: Knnming, 6973; 
Kwek’HOW: Meitan, 7936, On Picrasma (jua8.sioidr,Sy Shensi; Hian, 8397. On Qu^^cuft 
acutwsima, Kweichow: Meitan, C. U. Path. Herb. no. 461; Szechcan: Kwanhsien, Wei 
2187. On Q. Fahriy Hunan : Changsha, 4(f79. 

There has been much confusion concerning the identity of the species of 
Microsphaera on Quercu.*i. Five species have been described from North 
America, and one from Europe. The writer has made a careful study of all 
the available collections of the Chinese forms of Microsphaera (list of spetd- 
mens examined not given for limitation of space) that occur on the genus 
QncrcuSy and found that they are not identical with any of the species so 
far described on this genus. The appendages of the Chinese forms are 
usually shorter than or equal to the diameter of the perithecium (sometimes 
only one-half as long), and the primary branches are usually much longer 
than those of other orders. One group of the collections has larger perithecia 
(108-157 [} in diameter) and larger numbers of asci (5-10, lurely 13) than 
the others so far examined (perithecia 88-120 g in diameter; as(*i 3-7). 
The mycelium, being either amphigenous, epiphylloiis, or hypophyllous, and 
evanescent or persistent, is not a reliable character for differentiation of the 
different form.s. But Avhen all the characters are taken into consideration 
as a whole, the forms of the two groups above mentioned differ more from 
one another within the same group than between the two groups in other 
characters such as the size of ascospore, the length of appendages, etc. The 
writer is thus inclined to the opinion that the Chinese forms of Microsphaera 
on Quercus so far studied had better be referred to M. Alni as emended by 
Salmon. 
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The iiKxle of branohin^^ of M, Ahti var. deyitatae (Lion) Tai (Bull. Ch. 
Bot. Soe. 1: 22. 1935) is somewhat similar to that of M. Alni calocladophora 
(Atk.) Salm. in that the main axis of the primary branches, not dividing 
dichotomously at the apex, often grows on and bears sets of opposite 
bi-anches, but the former differs from the latter in the smaller ascospores, 
shorter appendages, and more numerous asci. This type of branching is 
oecasioiially seen in other forms of Mkrosphacy^a on Qyiey ctis. 

^Ik’kospjiaera Decaisneae Tai. 

Although M. Drcaisarar (Lingnan Sci. Jour. 18: 459. 1939) is cdose to 
M, Ahn\ it is unique in tlie few appendages, the uniformly colored basal part 
of the appendage (one-tliird or one-half the length from the base) and the 
larger s})ores. 

Microsphaera berberidicola Tai, vsp. nov. 

On JUrbiriH sp., Hoxan: Hunghsieii, Oct. lOHO, C. S. Wjing, Wang ^07^ TYPE. 

Aiujihigena, ])lerum(iue epiphylla ; myeelio persivstente vel subperKsistente, 
effuso; peritheeiis dense gregariis vel sparsis, 80-97 p diametro, eellulis 
parietis exterioris 7-13 ^ latis; appendieibus 6-11, diametro ]>erithecii 1-2.5 
longii)ribus, ramulis, 3-4-, rarins 5- vel 6-dichotomis, ramulis nltimis 
pleruiiKiue reeurvatis; aseis 4-7, late ovatis, 50-60 ^ 34 40 [i, 4-6-sporis; 
sporidiis ellipsoideis, 18-20 v 10-11 g. 

Amphigenous, chiefly epiphyllous; mycelium p(‘rsistent to sub})ersistent, 
effused or forming ])atehes; jierithecia densely gregarious or scattered, cells 
of tlie ])erithecial wall 7-13 p wide, 80-97 p in diameter; appendages 6-11, 
e(jualing to 2.5 times tlie diameter of the perithecium, usually slightly exceed¬ 
ing the diamet(‘r, 3-4-, i*arely 5- or 6-dichotomously bramdied, flaccid when 
long, the primary branches usually much longer than those of other orders, 
divergent, the ultimate branchlets mostly recurved, 7-8 |.j wide and thick- 
walled at base; asci broad!v ovate, 50-60 v 34-40 f.i, 4—7 in number, usuallv 
5-6; siiores 4-6, ellipsoid, 18-20 x 10-11 p. (Fig. 3.) 

TJie plant is very close to M. dicay icafa in the mode of branching of the 
appendage and in tlie number of the s^nne, but differs in the much shorter 
aj)i)endages and larger asci. It is also distinct from M. loyrieerae in the 
smaller number of a})pendages, different mode of branching, longer asci, 
and smaller spores. 

ilicKosPHAEKA (Ikossilaiuae (Wallr.) Lev. 1M. Sophorae Gandara. 
Mem. Acad. Cient. Mex. 26: 234. 1908. M. Bidaith Tai, Lingnan Sci. Jour. 
18: 458. 1939. 

Burrill first referred 47. Fua-Rnnitmaa Gerard (Ell. & Ev. N. Am. 
Pyren. 24. 1892) to M, (ry^ossidaydaf. This was followed by Salmon in his 
monograph on the Erysipliaceae (Mem. Torrey Club 9: 157.1900). Jaczewski 
(Karmanni oi)ridielitel gribov. 2 Lieferung: Mehltaupilze 1927), however, 




Fig. 1. Sphaerotheca lanesiris (on Quercus Delavayi), 2 asci: the fusiform ascus 
becoming siibglobose after absorbing enough water, Fia. 2. Erysiphe Polygoni var. Epi- 
medii, 3 ascus and 2 ascospores. Fig. 3. Microsphaera "berheridicola, 1 perithecium and 
4 appendages, showing the mode of branching. Fig. 4. Uncinula Acalyphae, 1 perithecium, 
4 appendages, 1 ascusj conidiophore and 3 conidia. Fig. 5. Uncinula Verniciferae (on 
Chionanihus rctusa), 3 appendages. 
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considered them as distinct species. A careful comparison of the collections 
listed below of Mkronphaera on Berherk, Caragana and Sambucus 

led the writer to the conclusion that they all should be referred to M, Gros- 
mhrme. He is not sure whether M. Sophorae should be considered a syno¬ 
nym of the former, but the forms on Caragana and Berberis from North 
China which have referred to M. tfophorac (Bull. Ch. Bot. Soc. 2; 23. 1936), 
do not differ essentially from M. Grossidariae. 

The present writer has also studied collections of the forms of Micro- 
sphaera on Berberis and Sambuens from Japan. The collections no. 18 and 
no. 594 ex Herbarium P^aculty of Agriculture, Hokkaido Imperial Univer¬ 
sity, on Berberis amurohsis and B. vulgaris respectively, orig:inally labelled 
as Mkrospliaera Berberidis/^ are identical with M. Grossulariae. Another 
collection from Japan on Berberis Thnnbergii, also labelled as Ber- 
beridis^* is evidently to be^lRerred to M. divaricata, since the primary 
branches are lono' and diver^St and the tips of the ultimate branehlets all 
recurved. 

Speumcna examined: On Sambueuff chhtmsia (not Bidcna sp.), Szechuan: Kwan- 
hsien, Wei ^170. On S. japonica Kiangsu : Nanking, Slien 28S\ On S. sp., Japan, Nov. 1927, 

M, Chu. On Berberis (unurensiSy Cuaiiar: Shiaowutaiahan, Aug. 20, 1934, L. Shik, 
On B, Poirettiy (’iiaiiar: Sliiaowutaisliaii, Aug. 20, 3934, L, Shih. On Caragana chamlagUy 
Hopei: Peiping, Sept. 12, 1934, C. C. Cheo, On Berberis amurensis, Japan: Sapporo, 
Oet. 3, 1925, P. IJonima (no. 18 ex Herbarium Faculty Agr. Hokkaido Imp. Univ.). 
On Berberis vulgaris^ Japan: Saj)poro, Sept. 8, 1921, Y, llomma (no. 594 ex Herbarium 
Faculty Agr. Hokkaido Imp. riiiv.). On B. Thnmbergiiy Japan: Rot. Gard. Koisliikawa, 
Tokyo, Nov. 29, 1904, ;{?. Kusono. 

MKiiosPHAKRA Blasti Tai. 

In a previous publication (Lingnaii Sei. Jour. 18: 458, 1939) thq host 
plant of Mierosphaera Blasti was given as Blast us pauciflorus. This has re¬ 
cently been found to be incorrect; it is Lind^ra megaphylla. Although M, 
Blasti is very close to M, Beuzoinis (Bull. Ch. Bot. Soc. 1: 23. 1935) and on 
a host of th(' same genus as the latter, yet the former is distinct in the more 
numerous and much longer ajipendages, fewer and smaller asci, fewer spores 
in each ^iscnis, and the different mode of branching of its appendages. 

M, Blasti: Appendages 7-15, usually about 10, rarely 2 or 4; 1-2, rarely 
2.5 times the diameter of the peritheciuiu, usually 1.5 times; 112-287 p long. 
7.8-8.5(11) p wide at base; branching lax and irregular, the tips of the 
ultimate branehlets not all recurved. Asci 3-4, rarely 5 or 6; 42-57 x 30-41 p; 
2-4-spored, usually 3-spored. (Pig. 7.) 

M, Benzoinis: Appendage^s 3-7, usually 4-5, rarely 2 or 11; shorter than 
or slightly exceeding the diameter of the perithecium, usually shorter; 
57-86(100) p long, 7-8.5 p wide at base; branching close and regular, the 
ultimate branehlets all distinctly recurved. Asci 4-6, rarely 8; 4^71 x SI- 
SI (56) p; 3-5-spored, usually 4- rarely 2-spored. (Fig. 8.) 
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Microsphaera Robiniae Tai, sp. nov. 

On Mobinia pseudoacacia, Kansu: Tiensuoi, Oct. 10, 1943, W. L. Hsian, Hsian 
197, TYPE. 

Ampliigena, pleruiiHpie epiphylla; iiivcelio persistente, effuso; peri« 
theeiis dense gregariis, 119-146 g diainetro, eelliilis parietis exterioris 10- 
15 [\ latis; appendicibus 9-25, diametro peritheeii 1-2 loiigioribus, flexuosis 
vel geniculatis, ineinbraua ad basim erassi, hyaliiiis, saepe brunneolis, 1-sep- 
tatis, raniiilis 3-5 diehotoinis, ramulis nltimis ]ion reenrvatis; ascis 6-13, 
ovatis vel ovato-oblougis, brevissime stipitatis, 64-73 x 29-36 |,j, 4~7-sporis; 
sporidiis ovoideis, 17-20 x 11-13 g. 

The braiieliing of the appendages is rather close; ])riina]*y branches are 
usually longer than those of other orders, sometimes divergent. This ]dant 
shows affinity with M. Euphorbiae, but difters in the much shorter ap- 
])endages, rather elose-branehing, and the longer asci. It is distinct from 
M. Alai var. Indeds in the smaller number of apjjendages, ovate or ovate- 
oblong asci, and the never recurved ultimate branchlets. It is very close to 
M. Umbilici Kom., but differs in the more numerous and flexuous-contorted 
or angularly bent appendages and much shorter spores. (Fig. 6.) 

Uncintjla Clintonii Peck. 

On Celtis sinensu^^ Yunnan: Kumning, 4117; Luliang, 76{>3: Kaiyimn, il4^. On 
Firmiana simplex j Kweichow: Meitaiig, C. IT. Path. IJcrb. No. 048. On PanJownia lomen- 
tosa, Szechuan: Chingtan, 8(99. 

The form on Paulownia tomentosa lias the same characters as the others 
except that the appendages are often abruptly flexnoiis. 

Uncini’La Iv^njiana Homma. 

On Ulmus pumila, Honan : Siinghsicii, Wanf/ 1:494. 

Amphigeiious; mycelium evanescent; perithecia subgregarious to scat¬ 
tered; cells of the perithecial wall 10-13 p wide, 71-90 p in diameter; ap¬ 
pendages 7-14, I to slightly ^exceeding the diameter of the perithecium, 
5.7-6.4 p wide at base, asperulate up to the apex, enlarged and coiled twice 
at the apex, thin-walled throughout, hyaline; asci 3-5, broadly ovate or sub- 
globose, 43-57 X 34-47 p; spores 2, ovoid, 34-37 x 20-23 p. 

Uncinula Delavayi Pat. 

On Cedrela sinensis^ Y^unnan: Kunming, 4118, 4119, o:U4, 4444, 7640. 

Amphigenous, chiefly hypophyllous; mycelium evanescent; perithecia 
subgregarious, 9^151 p in diameter; cells of the perithecial wall 8.6-16 p 
wide; appendages 6-12, rarely 4 or 15, shorter than (^), ecpialing, or 
slightly exceeding (1^) the diameter of the perithecium, short and long on 
the same perithecium, straight or usually slightly curved, somewhat undulat¬ 
ing or geniculate, closely uncinate and wider towards the apex, 7-8.5 p wide 
at the base, thin-walled above, thick-walled at the base, smooth; asci 4-10, 
ovate or ellipsoid, shortly stalked or not, 60-74 x 21-44 p; spores 6-8, rarely 
only 5, ovate or ovate-oblong, 20-24 x 10-13 p (commonly 20 x 11 p). 



Fig, C. Mkroftphacra Robiniafy 2 appendages, 2 usci and 1 aseosporc. Fig. 7. Micro- 
aphnera BJmii, 1 peritliefium, FiO. 8. Microspha^^ra Benzoink, 1 perithecium. Fig. 9. 
Uncinvla punnanensifi^ eonidiophore and 2 conidia. Fig. 10. TJuicinula IJelavapi var. 
Ce(frche\ 2 perithecia. Fio. 11. Vncinula I)tlavapi\ 2 perithecia (collection no. 5243) 
collected in 1939. Fio, 14* Vncinula Delavayif 2 peritliocia (collection no. 7056) collected 
in 1941. Fig. 13. Uncinulopsls polyehaela (on Pueraria yunnanensis)^ part of condiophore 
showing the spirally twisted basal part, and 2 conidia. 
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Aceordiii**: to SaJmou the appeiidag:es of U. Dclavayi are ‘‘usually 
shorter than the diameter of the peritheeiiim, rarely sli^^htly exceeding? it” 
(Mem. Torrey Club 9: 118. 1900). The eolleetious nos. 4118, 4119, 5242 and 
5243 were made in 1939, no. 7656 in 1941 in the same ioeality. These t^vo 
jratherings dilfer, however, in tlie lenfdh of the aiipendaj^e and the size of 
the peritheeiiim. The appendajyes of the 1939 eolleetious are mostly equal to 
or sli} 2 :htly lontrer than the diameter of the peritheeium, rarely shorter (92- 
181 jj lon<>:), and the peritheeia are 98-132 q in diameter; whereas the 
appenda»:es of the 1941 eolleetion are mostly shorter than the diameter of 
the peritheeium (71-146 p Ion**:) and the peritheeia 100-151 p in diameter. 
These differences seem to be due to the effect of different elimatie conditions 
in the two years, for the fall of 1941 was much drier than that of 1939, (Pi{i:s. 
11 , 12 .) 

In 1936 Vncinula CvdrvUir. on the same liost plant collected in North 
China was described by the writer as new (Bull. Ch. Bot. Soe. 2: 20. 1936) 
on the basis of its longer appendap:es, larger peritht»cia and s])ores. The type 
specimen of f/. Cedrclac has been examined a<*ain and compared with tJie 
Yunnan collection. It has been found that there is some difference between 
them: the appendajres of V. (hdnlac are from ecpialino' to 2i times the 
diameter of the peritheeium, never shorter (114-310 p lonj* ) ; the peritheeia 
and ascospores are larger. But in view of the observations made at Kunming 
as above mentioned on the effecd of <*limatic conditions it seems best to make 
U. Cedrclae only a variety of TJ. J)e1avayi\ and its variety nodnUmiv' is also 
hereby changed to V. Dclarayi var. nodulosae Tai, comb. nov. 

Uncinula Delavayi var. Cedrelae Tai, (*omb. nov. C. Cedrclac Tai, 
Bull. Ch. Bot. Soc, 2: 20. 1936. 

On Cedula fiinenms, Hopei: ftanfangahan, Oct. 20, 1 ^ 34 , L. Shili iaS6. (Fig. 10 .) 


Uncinula Miyabei (8alm.) Sacc. & Syd. 

On Cndrania iricuspidaia, Yunnan : Kunming, 6SS6; Olicngkiing, 70fnS. 

Ainphigenous; mycelium persi.stent, effused or forming patches; ])eri- 
thecia gregarious to scattered, 94-111 p in diameter; appendages ^20, 
shorter than or usually 1-1.5 times the diameter of the peritheeium, genicu¬ 
late or flexuous, slightly enlarged toward the apex, thin-walled above, thick- 
walled at the base and rough, sometimes up to the apex, simply uncinate or 
loosely helicoid, hyaline; asci 3-7, broailly ovate to subglobose, 42-48 x 
30-33 p, not or very shortly stalked; spores 4-6, rarely 5, elli})soid or oblong, 
19-25 X 11-13 p. 

Uncinula Salicis (DC.) Winter. TJ. manehhuriva Miura, Flora Manch. 
& E. Mongolia 3, Fungi. 1930. 

On Populus Simonii, Honan: Sunghsien, Warty 4Sf)a. On P. sp., Yunnan: Chichu- 
shan, Tali 41S0, On Salix sp., Shensi: Nanwiitai/shan, Sian, 841)1. On S. WalUchiana, 
Yt^nnan: Kunming, 44^0, 
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This species seems to be \ery variable in the size of the peritheeium and 
tlie number of the appenda^^e. The Chinese forms usually have smaller peri- 
thecia (about 91--144 in diameter) and fewer appendages (about 23-60, 
sometimes only 18-37). OeeasioJially, however, forms with comparatively 
larp:er perithecia or more numerous appendaj^es have been encountered. For 
instance, the perithecia of the collection no. 4130 and Wang iH5a are 114- 
171 |.i and 112-169 [j in diameter respectively. The funjxus of the collection 
no. 4130 has 32 to 80 appendajres, usually above 40, rarely only 24, and the 
Shensi plant 76 to 101. And in certain Chinese forms such as the latter there 
are ojily 6 to 8 asci in each peritheeium. 

Uncinula tmindshurica Miura differs from U. Salicis mainly in thedarf»:er 
peritheeium. In view of the facd that the size of the peritheeium is very 
variable it seems pro])er to make U. mamhhurica a synonym of V, Salicis. 

Uncini'La septata Salmon. T. curvkpora Hara, IMycolopa 11: 80. 
1917. rticlnidcUa enrvispora Hara, Parasitic Fun^i of Jai)an 133. 1936. 

On Qucrcus F(ibri, Hi’XAX: Cbangaha, 4(i7iK 

The writer studied authentic .specimens of Uncinula curvispora from 
flapan (on Fagus japonica, Kawauyemura, dapan, Auj^ust 1920, A". Hara) 
and has failed to find it distinct from V. septaia. In 1917 Hara proposed a 
new fyenus, Asieroihvcia, to accommodate the funjrus on Fagus because the 
])eritheeia turn over on tlicir heads at maturity like those of Phyllacimia 
Corglea, In 1936 he chan^^ed the «:enus name to Uncinulella putting em¬ 
phasis this time on the radially arranged cells of the perithecial wall. This 
kind of structure has been found by the pres(*nt writer also in Typhulochaeia 
and Uncinula Koi lrcuU riac. Ilara’s genus is untenable. 

Fncinfla Sengoki'I Salmon. 

On CU'lasIrus articulalus, Pvkien: Blifiowu, Loh 1V,S61. 

The occurrence of this sjiecies in China was first reported by Miura from 
Liaoning on Cehuirus articulatus. It has been collected again on the same 
host in the province of Fukien by Prof. Loh avIio has kindly sent the speci¬ 
mens to the Avriter for study. The characters of the fungus are as folloAvs: 
ampnigenous; mycedium evanescent to subpersistent, effuse or forming 
patches; perithecia gregarious to scattered, depressed-globose, 106-162 u in 
diameter, mostly 119-125 |,i; cells of the perithecial wall 7-14 fj wide; ap¬ 
pendages 11-30, shorter than, ecpialing, or slightly exceeding (.] to 1\) the 
diameter of the peritheeium, .short and long on the same peritheeium (89- 
157 p long, 7-8.5 p.wide at base), thick-Avalled below, straight or mostly 
curved, not or slightly enlarged upward, rarely flexuous at lower part, equa- 
torially inserted; asci 9-13, broadlv ovate or subglobose, verv shortlv stalked, 
43-47 X 30-36 p; spores 4-6, ellipsoid, 17-23 > 9-11 p. 

Uncinula sinensis Tai & Wei. 

On Sophora japonica, HoxAX; Snngliaien, Wang On sp., Kwei- 

(’HOW: Moitan, C. IT. Path. Herb. No. 400. 
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The Meitan plant aj^rees closely with V, micnsis except that the asci are 
larger and the mycelium is persistent and dense: epiphyllo\is; mycelium per¬ 
sistent, dense, effused or forming patches; perithecia gregarious to scattered, 
cells of the perithecial wall 11-14 \x wide, 111-157 p in diameter; appendages 
9-28, shorter than (H), equaling, or 1.5 times the diameter of the peri- 
thecium, slightly enlarged above but narrowed at the apex, thin-walled, 
slightly thicker and asperulate at the base, 6-7 p wide at the base, somewhat 
undulating; asci 5-8, ovoid to broadly ovate, 63-77 x 40-49 p, shortly stalked; 
spores 4r-6, usually 5, ellipsoid or oblong, 26-27 x 13-16 p. 

V. sinensis seems to have a wide range of hosts; it has been reported on 
Acer, Soph ora, and Rhns. 

Unoinula Vernioifekae P. Henn. 

Oil ChiOTiavIhus return (Oloaccjie), Y'i^nnan: Kumining, 77 US. On C<ftinus copfftfridf 
Honan : Chengpiii, Wauff SSB. 

The appendages of the plant on Chwnunthvs rviusa are mostly enlarged 
at the upper one-third or one-half but always with narrowed apices. In the 
typical U. Vernieiferae the appendages are usually not enlarged, but grad¬ 
ually narrowed upward from the lower two-thirds; some with enlarged mid¬ 
dle part or upper one-third, however, also occur. The fungus on Chionanthns 
is considered a form of V. Verniciferae: epiphyllous, rarely amphigenous; 
mycelium persistent, thick, effused; perithecia gregarious or densely gre¬ 
garious to scattered; colls of the perithecial wall 11-19 p wide, 86-134 p in 
diameter; appendages 11-23, rarely only 9. shorter than or usually eipial- 
ing to 1.5 times the diameter of* the perithecium (85-167 p long), short and 
long on the same iXTithecium, enlarged upward, the broadest part 8.5-11 p 
wide, 6-7 p wide at the base, narrowed at the a[)ex, loosely uncinat(^ or 
helicoid, tliin-walled above*, thick-walled and asjxTulate at lower half, nor 
or 1-septate at the base, the basal cell occasionally brown in ('olor, slraigld 
or slightly curved, sometimes flexuous or geniculate; asci 4-6, rarely 3 oi* 
9, broadly ovate or subglobose, 49-57 x 33-42 p, not or shortly stalkeel, 
6-8, rarely 5-spored; spores ellif)soid or elli[)soid-ol)long, 17-20 x8.5-11 p. 
(Fig. 5.) 

Uncinula earpinicoJa Ilara was originally described as a variety of V. 
gcniculata, the description qf which was translatcal and published in 1917 
by Tanaka (Mycologia 11: 80. 1917). In 1927 llara raised his new variety 
to specific rank, and redescribed the fungus as follows (Ilara, Diseases oT 
Trees [in Japanese], p. 195. 1927) : amphigenous; mycelium thin, effused; 
perithecia gregarious or scattered, depressed-globose, averaging 100 p in 
diameter; cells of tlie perithecial wall 7-15 p wdde; a])pendages usually 15- 
17, slender, thin-walled, colorless, 2-4 times tlie diameter of the ])erithe(*ium, 
geniculate at the middle, narrowed at the apex and helicoid; asci 5-10, 
obovate or elliptic, 40-45 x 30-35 p; spores 5-8, elliptic, ovate, or subglobose, 
18-25 X 10-12 p. In 1936 the present writer referred to l\ carpinivola a 
species of IJncimila (‘ollected on (^arpinus Tnrezaninovii by the late Mr. L. 
Shill in North China (Bull. Ch. Bot. Soc. 2 : 19. 1936). That plant, however, 
differs from U. carpinicola in the more numerous and short(*r aiipendages 
(19-49, usually 30; 1-li times the diameter of the perithecium against 
16-20, usually 15-17, 2-4 times the diameter of the perithecium in U. car- 
pinicola) and the larger perithecium and asci. It accords rather closely with 





TAI: ERYSIPIIAOEAE OP CHINA 


123 


the on Chwmmihns and is here also considered as a form of 17. Vernu 

cifrrae. V. carpinicolaf beiiifi: very close to the former, mi^ht prove to be 
identical on further study. 

Uncinula Yi nnanensis Tai. 

The conidial stajre of U. yniiyianensisi has been observed to be as follows : 
ami)hip:enous; mycelium ])ersistent, forminj? patches; conidiophores 3-celled, 
curved at the basal part, 26-40 x 7 p; conidia solitarv, oblong or cylindrical, 
30-33x11-13 (Fig. 9.) 

This species is very close to U. Ehretim except that the perithecium is 
much smaller. In the original diagnosis of the latter it was not clearly indi* 
cated whether the aj)])endages are thin-walled and enlarged near the apex. 
Wei (Nank. Jour. 11: 107.1942) reported a form of IL Ehreiiae on Bischafia 
irifoliafa from Szechuan the perithecium of which is about the same size as 
that of the typical plant. The appendages of the Szechuan fungus are, how 
ever, slender at their apex, and thick-walled at the base. If this be the case 
in the typical V. Ehreiiae, then the Yunnan plant should remain a distinct 
sp(‘cies, as its ap])endages are always enlarged near the apex and thin-walled 
throughout. U. ynnnanenah is tentatively kept separate from V. Ehreiiae 
until the type of the latter is studied again. 

Keissler (Synib. Sin. 2: 21. 1937) suggested that U. Ehreiiae might be 
identical with V. aspera of South Africa. The latter, however, differs from 
U, Ehreiiae in the more numerous and much longer appendages. 

Uncinula Acalyphae Tai, sp. nov. 

On Araii/pha hrachpstachps, Vr.vNAN: Shushau, Kunming, November 1938, F. L. Tai 
TYPK. 4 ami 83;:iS; SzKcmUAN: Cbengtu, Liny 131. 

Aiupliigcna; niyc-clio persistente effuso; })eritheciis gregariis, 94-144 p 
diametro; ct‘llulis parietis (*xterioris 7-14 p latis; ap})endicibus 24-50, rarius 
8 vel 14, diametro ])enthecii 0.5-1 longis, membrana crassi, non vel 3-septatis, 
obscure brunneis, ad apicem non vel rare uncinatis; ascis 7-11, anguste vel 
late ovatis, 39-47 x 20-24 p, immaturis. 

Amphigenous; mycelium persistent, dense, effused; perithecia grega¬ 
rious, depressed-globose; cells of the perithecial wall 7-14 p wide, 94-144 p 
in diameter; appendages 24-50, usually over 20, rarely only 8 or 14, on the 
upper half of the ixTithecium, 0,5 to eipialing the diameter of the peri¬ 
thecium, straight or slightly flexuous, thick-walled up to the apex, not or 
3-se])tate, dark brown, paler above, uniform in width, 4-6 p wide, sometimes 
slightly ta])ering toward the apex, straight or slightly curved and blunt at 
the apex, rarely uncinate or helicoid; asci 7-11, ovate, 39-47 x20-24 p, im¬ 
mature. Conidiophore long and slender, 1-4-celled, the basal cell 4-6 time.s 
longer than the other cells, 46-113 p up to 243 p long, 4.;i-7.0 p wide; conidia 
solitary, ovoid or ellipsoid, 16-30x10-16 p (21 xll p), with granular con¬ 
tents. (Pig. 4.) 

Aseospores are not delimited on all the specimens so far collected even 
as late as in December nor on overwintered leaves. This species has appeii- 
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da^res similar to those oP f/. septata but it has much smaller perithecia and 
its appendap:es are rarely uncinate. 

ITncini-la necator (Schw.) Burr. 

On Vitis vinifcra, Yunnan: Kunming, 

Only the conidial stage was collected: amphigenous, mycelium persistent, 
dense, effused or forming patches; conidiopliores 1-11 celled, 74—143 x 7-8,5 p ; 
coiiidia solitary, oblong or ellipsoid, 29-39 x 13-18 

Since 1935 many new species of Vncinnla have been described from 
China. In the key to Chinese species of VncinnUt in a previous Tuiblicatiori 
(Bull. Ch. Bot. Soc. 1: 28. 1935), IL Accris and TuJasnci were wrongly 
placed in the section with thin-walled ap])endages. That key is hereby cor¬ 
rected and revised to include new species published since them. 

KEY TO CHINESE SPPXMES OF TNCINULA 

1. Appuiidagos colored . .. . . 2 

Appendages colorless or only colored at base ... .5 

2. Appendages colored throughout the entire length, narrowed toward apex. 

V. ftimuhins Salin. 

Appendages colored for only half of their length 3 

3. Appendages crowded on the upper half of the perithecium . 4 

Appendages not so; perithecia 70-128 g in diatn, f/. necalor (Schw.) Burr. 

4. Perithecia 175-201 g in diameter; appendages uncinate at their apex. 

U. septula Saliu. 

Perithecia 04—144 g in diameter; appendages rarcdy uncinate at their apex, 

V. Aealyphar Tai. 

5. Asci 2-3 apored. . ?. (> 

Asci 8 or 4-8 spored . . 7 

0. Perithecia 85-115 g in diameter ; appendages thick-walled at base', close uncinatt' or 
helicoid at apex ... U. etandeslina Hehroet. 

Perithecia 71-93 g in diameter; appendages thin-walled throughout, uniformly coiled 
twice at apex .. . . T. Kenjiaiui Hoinma. 

7. Asci 8 spored ... « 

Asci 4-8 spored . ... 12 

8. Appendages some or all bifid or multifid; .spores 8, rarely (i .9 

Appendages not so; spores regularly 8. 11 

9. Mycelium densely compacted; appendages mostly simple IJ. Tulasnei Fuckel. 

Mycelium not d<‘n.sely conu)acted; all or most of the a])pendages bifid or multifid 19 

10. Appendages 1-2 dichotomously branched; ])eritheciu 120-225 g in diameter; asci 
4-12, 70-95 X 45-55 g ... f7. (DC.) Sacc. 

Appendages 2-3 dichotomously branched; perianth 232-313 g in diameter; asci 

14-34, 97-109 X 43-52 g . U. pohjfida Wei. 

n. Appendages thin-walled throughout; perithecia 70—105 g in diameter. 

V. Fra.n?ij Miyabe. 

Appendages thick-walled at base;"' perithecia 213-312 g in diameter. 

U. nanliinensis Tai. 

12. Appendages stout, 7 -8 g wide at the base . .13 

Appendages narrower at the base. . 18 

.13. Appendages thin-walled, 11-32; perithecia 92-143 g in diameter. 

U, sinoisis Tai et Wei. 

Appendages thick-walled at base. 14 

5 When the wall is more than twice the thickness of the wall above. 
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14. Appendages with colored bulbous base . U, hulhosa (Tai et Wei) Tai. 

Appendages not so ... 15 

15. Appendages 4-12, enlarged upward . 36 

Appendages 20-56, not or slightly enlarged npw^ard . U. Sengokui Balm. 

16. Appendages regularly nodulose . 27. Dclavagi var. nodxilosae Tai. 

Appendages not or occasionally nodulose . .37 

17. Appendages shorter than or equaling the diameter of the peritheeium, rarely slightly 

exceeding; peritheeium smaller . 27, Delavayi Pat. 

Apj>endages 1-2times the diameter of the peritheeium; peritheeium larger. 

V. Delavayi var. Cedrelar Tai. 

18. Appendages thin-walled . ... 39 

A})pendages thick-walled at base . . 22 

19. Perithecia 85-175 p in diameter; appendages 10-150 ... . 20 

Peritheeia 70-90 p in diameter; appendages 2-9 . . 17. yiinvanensis Tai. 

20. Appendages 10-27, narrowed upward; asci 3-5 U. austraViana MacAlpine. 

Appendages 30-150, slightly enlarged upward; asci 6-14 .. . 21 

21. Appendages swollen in jdaces; asci 6-8, 47-54 > 31-3.5 p. 

27. Salieis-gracblistylac Ilomma. 
Appendages not swollen in places; asci 8-14, 55-80x 30-40 p. 

27. Salicia (DC.) Winter. 

22. Appendages 4-8, shorter than the diameter of the ])eritheeium 17. Ehreiiae Keissl. 

Appendages 6-48, ecpialing to 2 times the diameter of the peritheeium . . 23 

2;>. Appendages narrowed at apex . .. . 24 

Appendages enlarged ui>ward or slightly so, not narrowed at apex " . . 25 

24. Asci 6-8 spored, rarely .1; spore.s 15-29 x 8.5-19 p 27. Vernieifvrae P. Henn. 

Asci 4-5 spored, sometimes 3 or 6; spores 27-35 v 14-19 p 27. Mori Miyake. 

25. Appendages more or less angularly bent, not swollen at apex . 26 

A])pendages straight or often more or less undulating, not angularly bent, swollen at 

apex , 27. Clintonii Peck. 

26. Appendages 6-13; asci 50-71 > 38-56 p V. Miyabri var. Aleuritis Wei. 

Appendages 10-22(48) ; asci 48-59 '< 32-41 p V. Miyabei (Balm.) Sacc. et Syd. 

Typhulochaeta Koelreuteriae (Miyake) Tai, comb. iiov. Vncinuln 
Koclreutcridv Miyake, P>()t. Mag. Tokyo 27: 1913. Erysiphe KoeU 

rndft'iae (Miyake) Tai, Bull. Ch. Bot. Soe. 2: 16. 1936. 

On Koiirruivrin hipitniaia, Ho.Van: Chengpin, Wang Idi. 

Ill the clossifiratioii of the Erysipliaceae all the students of the group up 
to tlie ])reseiit day, folloAviiig Leveille, separate the genera oii the basis of 
the cliaracters of the ap])eudage and the number of asci. On the discovery 
of endophytic mycelium in Lcveillula taurica by Salmon in 1906, and in 
rnci)n(lapsis suhfi])iralis by Sawada in 1916, it is clear that the characters 
of the appendage alone an* not dependable for differentiating genera. Be¬ 
sides tin* true ajipeudages, there occur in certain species (Phyllactinia Corylea 
and Ifncinnla hulhosa) gelatinous penicillate cells on the iip])er part of 
the peritheeium; whereas in other species {Typhulochaeta japonica and 
Uncinula Koelreuteriae) only the penieillate cells are present. If the char¬ 
acters of these penicillate cells are constant and are correlated with otlier 
constant mor])hologi(*al characters, there is no reason why they should not 
be used a.s criteria for distinguishing genera, Ito and Hara established the 
genus Typhulochaeta (Bot. Mag. Tokyo 29: 20. 1915) mainly on the gela- 










126 


BULLETIN OP THE TORREY CLTTB 


[VoL. 73 


tinous clavate penicillate cells of their T. japondca, Miyake, on the other 
hand, referred the powdery mildew collected by him at Nankow, China, on 
Kaelreuteria bipinnata to the genus Uncinuh, as U. Koelrentende because 
some of the penicillate cells are uncinate at their apex. After a careful study 
of the latter fungus at Peiping, the present wTiter found that the gelatinous 
cells occurring on the upper half of the perithecium are similar to the peni¬ 
cillate cells of Phylla<iUnm Corylea, but not comparable in any way to the 
true non-gelatinous appendages of Uncinula. He therefore referred this 
species to the genus Erysiphe, since perithecia with obsolete appendages are 
not rare in that genus. Clements and Shear (Genera of Fungi 249. 1931) 
and Wei (Nank. Jour. 11: 3. 1942) did the same thing by transferring 
Typhulocha^ia japonwa to Eryi^iphe, 

T. japonka was recently collected in this country at Ktvanhsien, 
Szechuan (Nank. Jour. 11: 3. 1942). Through the kindness of Dr. C. T. Wei 
the WTiter had the opportunity to make a careful study of that si)ecies, and 
found that it show^s close affinity wuth the fungus on Koelreiitcria. Both of 
them lack the true appendages and have a perithecial w^ill of small cells, 
4r~ll g Avide. The cells are mostly oblong in shape and are more or less 
radiately arranged wdth the smallest cells at the apex and the base, and the 
largest at the equator. In none of the species of Erysiphc has this kind of 
arrangement of the cells of the perithecial ever been observed nor has the 
presence of penicillate cells been reported. Although the perithecial wall of 
Vncinula septaia also consists of radiately arranged cells, yet tlie regular 
uncinate appendages are present. In vicAv of these it seems that for the 
present the genus Typhnlocha^^ta had better be maintained and that the 
proper disposal of the fungus on Koelreiitcria is to transfer it to that genus. 

Typhulochaeta JAPONiCA Ito ct Ilara. Erysiphe japonica (Tto et 
Hara) Clements & Shear, Gen. Fungi 249. 1931. Erysiphe japonica (Ito 
et Hara) Wei, Nank. Jour. ll:/3. 1942. 

On Quercus Baron%*i Szechuan: Kwanlisicn, Wm ^18S. On Q. alivniay Szechuan: 
Kwanlisien, S.P.A.1.1. On Q. 8p.,« Szechuan: Kwanhsion, Wei 

The writer found that the spore number of this species is usually 8, 
rarely 6 or 7. The apical septate and light browm appendages as mentioned 
by Wei at the top of the perithecium w^ere not observed by the writer. 

Uncinulopsis polychaeta (B. & C.) Homma emend. Wei. Uncinula 
polychaeta (B. & C.) Ellis, Jour. Myc. 2: 43. 1886. Vyicinula Shiraiana P. 
Hennings, Engl. Jahrb. 29: 148. 1900. Phyllactinia Corylea var. subspiralis 
Salmon, Ann. Myc. 3: 501. 1905. Phyllactinia subspiralis Saw^ada, Agr. 
Exp. Sta. Sp. Bull. 9, 1914. Uncinulopsis Shiraiana (P. Henn.) Hara, 


« These host plants are identified in Wei’s paper as Caslanopms sp. 
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Jour. Plant Protection 7 (5). 1920. Phyllactinia suispiralts (Salm.) 
Blumer, Beitr. Kryptogamenfl. Schweiz 7: 399. 1933. 

On Ccltig pnensiSf Yunnan: Kunming, 41S4, 78S0; Hualing, 41^3; I-Liang, 4137; 
Taehwang, 41^6; Mtmgtze, 4135; Chengkiang, 413$; Kwangsi: I shan, C. XJ. Path. Herb. 
No. 9(). On Campylotropig polyanihay Yunnan: Kunming, 7553. On Fueraria yunnanensigy 
Yunnan: Kunming, 73€0y 6887. 

The fungus on Celtis waife described as new by P. Hennings in 1900 under 
the name of Uncinula Shiraiana. It is very close to U. polychaeta except 
that the asci of the latter are usually 2-spored. Salmon (Bull. Torrey Club 
27: 439. 1900) considered V. Shiraiana as a s.ynonyin of the latter, stating 
that althoiign the asci of Chinese and Japanese specimens are usually 
3-spored, sometimes 2- or 4- or very rarely 5-spored, the occurrence of 3 
or 4 spores in the ascus in some American specimens has also been reported 
by Tracy and Galloway. 

A conidial stage of powdery mildew on Dalheryia Sis.soo wdth spindly 
twisted basal part of the conidiophore was discovered in India in 190»5 and 
described by Salmon as a new variety of Phyllaciinia Corylea, var. sub- 
spiralis. Basing their disposition on conidial stage only, Sawada in 1914 
and Blumer in 1933 raised tliis variety to specific rank. In 1916 Sawada 
discovered endophytic mycelium in the fungus on Celt is and also its conidial 
stage of the subspiralis type. He then created a new genus, Uncimilopsis, 
to accommodate that fungus and changed Phyllactinia subspiralis to 
Uncinulopsis subspiralis. This name was subsequently again changed to 
U. Shiraiaiw by Hara since P. Hennings’ name is the earliest applied to 
the perithecial stage of the said fungus. Homina (Jour. Pac. Agr. Hokkaido 
Imp. Univ. 38: 183-461. 1937) transferred Uncinula polychaeta to the genus 
UneinulopsiSy but considered it distinct from U. Shiraiana. Wei (Nank. Jour. 
11: 10. 1942), being unaware of this new combination, again transferred 
Uncinula polychaeta to Uncinulopsis, including in it the fungus on Celtis. 

Conidial stage of powdery mildews of the subspiralis type on Pueraria 
yunnanensis and Campylotropis polyantha has been collected by the writer 
at Kunming. These host plants have been under observation for two years 
but no perithecia have ever been produced on them, although the fungus 
on Celiis nearby produces perithecia in great abundance. Then the writer 
undertook to compare the conidial stage on Pueraria and Campylotropis 
with that on Celtis to see whether or not they are different. The fungus on 
Pueraria and Campylotropis shows the following characters: hypophyllous; 
mycelium persistent, effused or forming patches; conidiophore 2-4-celled, 
loosely spirally twisted at the lower part, hyaline, 127-183 x 6-8.6 jj; conidia 
various in shape, clavate, subcyliiidrical, fusiform, 51-81 x 16-20(26) p 
(broadest part). The conidiophore of the fungus on Celtis is 2-5-celled and 
measures 120-217 x 7 p; the conidia 57-75 x 14-20 p. Prom these measure- 
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iiients it is clear that morphologically the conidial stajre of the powdery 
mildew on Celtis does not differ from that of the fungus on Ptieraria and 
Campylotropis, The fact that the latter does not produce peritheeia is due 
to unknown factors. The^re are not lacking’ examples such as Erysiphe 
Cichoracearum which rarely produces peritheeia on Cucurbitaceae. Althouj^h 
measuremente of eonidia and conidiophore were not ^?iven by Salmon in 
his diagrnosis of the variety siibspiralis, yet aeeordinji: to the scale of his 
illustrations the eonidia and eonidiophores are about of the same size a8 
those on Celtis, Ptieraria, and Campyloiropis. (Fi*^. 13.) 

Leveillula TAURiCA (Lev.) Arn. 

On Mein war di in irigynCy Yunnan: Kunming, 7960. On Trogaeolum wajus, 

Yunnan: Kunming, 849::^. 

Hypophyllous; mycelium persistent, forming definite patches; conidio- 
phores 3-^-celled, 7-9 p wide, branched; eonidia obclavate to subcylindrical, 
hyaline, 49-90 x 16-18 p. The eonidia of these forms are slightly longer and 
broader than those usually recorded for this species. 

Phyllactinia Corylb:a (Pers.) Karst. 

On Ailanthus alfit<.sima^ Hunan : Yohishan, (’hniigshn, 4081. On Alanginm platan}- 
foliumf Szechuan: Chengtu, 7773. On Alnns nepalensis. Yunnan: Kunming, 7333. 
On cremastogyne, Szechuan: (lumgtu, 3303. On Brousnonetia sp., Hunan: Hwanlision, 
4086. On Caesalpinia sepiaria, Yxtnnan: Kunming. 8303. On Caslanea mollittfiivui, 
Yunnan: Chengkung, 4093: Kweichow: Mcitan, 7833; KwANOTirNG: Canton, 4093. On 
Cedrela sinensis, Yunnan: Kunming, 7313. On Dio.^pyrvs Raid, Yunnan: Suanwei, 8033; 
Kunming, 3336. On I>. loins, Yunnan: Kunming, 7339, 8077; (Uiengkiang, 4094. On 
Lindera sp., Hunan: Hengslian, iOSiK On Morns alha, Yunnan: Kunming, 7491, 4088; 
Kutsing, 8013; Cliengkiang, 4089; Kweichow: Meitan, 7833, 7938; Hunan : Yoluslian, 
Changsha, 4087; Kwangtitng: Canton, 4090. On M. australis, Y'UNNAN: Kunming, 3339, 
8076. On FI crocary a sfrnoplcra, Kweichow: Mcitan, 7939; Szec’HUAN: Chengtu, 3306. 
On Frinaipia utilis, Yunnan: Kunming, 8433. On Fyrus pasha, Yunnan: Kunming, 
4083, 7373. On P. serotina, Yunnan: Kunming, 7333. On Qncrens alienta, Kweichow: 
Meitan, 7937; Hunan: Hangshan, 4084. 

Phyllactinia Salmonii Blumer. 

On Paulownia tomeniasa, Szechuan: Chingtan, Doc. (>, 1939, C. T. Wd. On Actinidia 
chinensis, Hunan: Hengshan, 4083. On A. lanata, Kwangsi: Sankianghaion, Clico 39 j^6. 
On^. sp., Kwangsi : Sankianghsien, Cheo 3934. 

Hypophyllous or rarely amphigeiioiis; mycelium evanescent to siibper- 
sistent, effused or forming patches; peritheeia siibgregarious to scattered; 
cells of the perithecial wall obscure, 312-393 p in diameter; appendages 
11-26, slightly exceeding to 1.5 times the diameter of the perithecium, 362- 
518 p long, brownish, subhyaline or hyaline; asci 20-24, ovate, ellipsoid, 
or oblong, with a short stalk, 93-114 x 31-48 p, 2-spored; spores broadly 
ovate, 4l&6 x 21-24 p. 

The diagnosis of Phyllactinia Salmonii as published by Blumer was 
based on the fungus on Paulownia imperialis from Japan. In regard to the 
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size of peritheeiiiin this form is quite isolated from the others of Phyllactinia 
Corylea, the diameter of the peritheeiiim of which reaches only to 288 p. 
Ill addition, the larjre size of this ])lant is correlated with a lar^e number 
of appeudaoes. The form on sy)e<n(^ of Actinidia collected in this country 
also shows the same chara(‘ters as that on Paulownia. In the writer\s opinion 
Phyllactinia Sahnonii is a jrood s[>ecies. 

Phyllactinia imperial is Miyabe is j»iven as the name for the fungus on 
Paulownia impcrialis in Harass ‘^Parasitic Punjii of Japan’’ (p. 138. 1936); 
when and where that name was published are not indicated in that book; 
as far as the writer is aware that name has not been effectively published. 

OiDTUM Link. 

On Althat'd rosea, Yunnan: Kunming, 

Amphigenous, (‘hiefly epiphyllous; mycel ium subpersistent, forming: 
jiatches; eonidiophores perpendicular to the hyphae, 3-celled, 8.3-10 p wide; 
conidia ellijitie, oblongs oi* cylindrical, 31-43 v 13-18 p. 

On Artunma Sirreriitna, Ycn.nax: Kunming, flOf/. 

On Brrbrris Wih<niaej Yunnan: Kunming, 4104. 

Amphigenous, mainly epiphyllous. mycelium persistent, effused; conidio- 
jihores peryiendiimlar to the hyphae, i-5-celled, usually 3-celled, 90-113 
^7-9p; conidia solitary, sometimes in chains, oblong or cylindrical, 26-49 
X 10-15 p. 

On Ca^stanca mollis.stma, Yunnan: Kunming, 6'JJ.v. 

On Cucarbita .sj»., Yunnan: Kunming, 7<V.)/. 

On Fnu'inus chitiensis, Yi'nnan: Kunming, 760U 

On i’fitrot inia intlica, Yc'NNAN: Kunming, 4106. 7774. 7007^ 79o1. 

Amphigenous and cauli<*olous; mycelium thick, effused, doing great dam¬ 
age to young shoots; eonidiophores 2-6-celled, commonly 3, 69-89 x 7-10 p; 
conidia solitary, oblong or cylindrical, 24-39 x 11-16 p {Vncinula aus¬ 
tral iana i). 

On Lt ncti.s ciliala, Yun.nan: Kunming, 704S. 

On L'uinslriim IncUiiim, Yunnan: Kunming. oJSO. 

On Ljfcinm chinrnsf. Yunnan: Kunming, 547S. 

On Lifcopersicnni e.sculrnlnm, Yunnan: Kunming, 7000. 

C'-oiiidiopliores S-eelled, 4]-71 x 7-8.6 p; (*oiiidia ovoid or ovate-obloiifr, 
81-41 X 14-16 p. 

On Malva rrrticiOata. Yunnan; Kunming, 4104, 0J79. 

On Mt'dirayo salira, Yunnan: Taclnvang, 4140. 

Amphigenous; mycelium persistent, effused; eonidiophores perpendicu¬ 
lar to the hyphae, 68-88 x 5.7-7.1 p; conidia oblong or cylindrical, 27-34 
X 10-14 p {Ery.^iphe PolygonPt). 

On Mirabdis Jahipa, Yunnan; Kunming, 4107^ JJN5, 0JS9. 

On Momordico charantia, Yunnan: Tali, 414S. 
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On Oxalis cor7iiculata, Yunnan : Kunming, 4105, 

OnPanax pseudo-gimeng, Yunnan: Wenshan, 8494, 

Amphigenous; mycelium persistent, forming definite patches; eonidio- 
pliores 3-celled, 50-87 x 6.4-10 p; couidia solitary, oblong, 33-37 x 13-17 p. 

OnQuercus sp., Yunnan: Kunming, 78S3, 

On Mohinia pfieudo-acacia, Yunnan: Kunming, 4]0^, 

On Euhia oncoiricay Yunnan: Kunming, 7954. 

On Siegshedcia orientalis, Y unnan : Kunming, 7949, 

On Sonchus olcracca, Yunnan: Kunming, 7955. 

On Sophora japonica,YvN^AN : Kunming, 

Epiphyllous; mycelium persistent, effused, web-like, radiating from cen¬ 
ters; conidiophores 3-celled, 69-74 x 8.6-30 p ; couidia solitary ellipsoid, 
26-34 X 14-20 p. 

OnSophora viciifoliay Yunnan: Kunming, 5^5If 5:45^, 80S4i. 

Amphigeiious, mainl}^ epiphyllous; mycelium dense and effused; conidio- 
phore 3-celled, 33-84 x 7.1-8.6 p; couidia solitary, ellipsoid-oblong to sub- 
cylindrical, 31-38 X 13-14 p. 

On TJrena tohalaf Yunnan: Chengkiang, 4097, 

On Uriica angioitifolia var. abhreviaUif Yunnan; Kunming, 7955. 

On Vicia unijugaf Yunnan: Kunming, 54i48f 5:449, 

On Vigna sinensis, Yunnan: Kunming, 849(}. 

Amphigenous, mainly epiphyllous; mycelium persistent, forming 
patches; conidiophore 2-3-celled, 70-80 x 13-34 p; couidia in chains, ovoid 
with fibrosin bodies, 31-46 x 19-21 p. 

SUMMARY 

A careful comparative study has been made of available (*olle(*tions of 
most of the species of the Erysiphaceae so far reported from (Uiina, and it 
has been found that it seems advisable to keep the collective species: 
Erysiphe Cichoraceanm, E. Polygo^ii^ and Microsphacra Alni emended 
by Salmon. Climatic conditions have been found to affect morphological 
characters in Uncinula Dclavayi at Kunming. As a result of this study 
several species have been reduced to synonymy. Uncinula Koelreuieriae has 
been transferred to the genus Typhulochacta. One variety of Erysiphv, two 
species of Microsphacra and one variety and one species of Uncinula are 
described as new. 

Tsing Hua University 
Kunming, Yunnan 
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NOTEWORTHY PLANTS OF TEXAS—V. ADDITIONAL 

PSORALEAE 

B. C. Tharp and Fred A. Barkley 

One species and two varieties of Psoralidium and one species of Parosefa 
section Pogonaihemv occurringc in Texas seem to be niidescribed. 

Psoralidium Youngiae^ Tharp & Barkley, sp. nov. Herba perennis; 
caulibns simplieibus siibter, ramosis supra, 5-9 dm. altis, caneseentibus, stri- 
gosis; foliis digitatis, 3-5-foliolatis stipulis lanceolatis, acnminalis, glabris 
nisi longis-ciliolatis, glandulosis, 1 mm. longis, persistentibus; petiolis 1-2 
cm. longis, caneseentibus; foliolis 1-3 cm. longis, 3-8 mm. latis, latis-ob- 
lanceolatis, glandiilosis-punctatis, snbglabris nisi ad midvenos supra, subtns 
canes(reiitibus; i)eduncnlis 4-() (*m. longis; ra(‘emis 4-6 cm. longis, floribiis 
miiltis; bracteis deltoideis-laiieeolatis, acnminatis, 1.5-3 mm. longis, glandii- 

* Marv So])hi<' Young, daughter of Emma Adams Saiuer and Cliarlos Huntington 
Y'oung, was horn in Septemiuu*, 1872, at Glendale, Oliio, the youngest child and only 
daughter in a family of eight children of an Episcopal minister. She was reared at Glen¬ 
dale, Washington, and Gambin, Ohi(». After graduation from Harcourt Place Seminary at 
Gambin, Ohi<», in 1891, she attended Wellesley (\)llege until 1895 when she received her 
A.B. degree. From 1895 to 1897 she was an instructor in Louis Academy at Sullivan, Mis¬ 
souri; from 1897 t(> 1898 at Dundee (fllinois) High School; from 1898 to 1906 at Grafton 
Hall, l\)ud du-Lae, Wisconsin; and at Waterman Hall, Sycamore, Illinois, during 1907- 
19(18. In 1900 she began graduate work at the University of (Chicago during the summer, 
aiul in 1906-1907 s[>eat the year there, receiving the S.M. degree. From 1908 to 1910 she 
continued graduate study thiut*, doing work on the moi jdiology of the Podocarpineae which 
was published in the Botanical Gazette (50: 81-100. 1910). She received the Ph.T). degree 
in 1910. In the fall (»f 1910 she came to the Ibiiversity of Texas as a tutor, became an 
instructor in 1911 and continued in that capacity until her death on Mareli 5, 1919. 

A tine teacher and of geuor(»us disposition she soon beeame one of the inspiring tcaeh- 
eis at the I^niversity of Tt‘xas. Her thoughtfulness and understanding of students was 
outstaiuiiiig so that she is still affectionately remembered by them as an example of what 
Hu* relati(>nshi]» b(>tween student and instruetor should be. 

Gomiiig to the Ibiiversity of Texas when she did she found knowledge of the flora 
of west Texas v(*ry fragmentary, so that the end of the s})ring semester usually found her 
alighting from a train in west Texas, aceompanied by a student or not, buying a spring 
wagon, a team of burros, and Hup[)lies, and heading into the inaccessible portions of that 
ar(‘a, to rt'appear just before the opening of the fall .semester loaded down with plants from 
the hotani<'aily unknown canons, ])laiiis, and mountains. In her short career in the state 
she established the Herbarium of the University of Texas as a going concern, and left a 
contribution of exceptionally valuable specimens, duplicates of which were distributed to 
several of the larger .\mericaii herbaria. She enigmatically distributed spcK'imons as having 
been eollected by “M. S. Young,and was pleavSt'd at having acknowledgements addressed 
to her as * ^ Dear Sir. ’ ’ 

She kept interesting daily accounts of her several collecting trips, which arc deposited 
in the botanical library of the University of Texas. These embody graphic and often hu¬ 
morous accounts of the conditions and experiences encountered in her field work. In a com- 
]uirativ(‘ly short career in Texas few people have so inspired a younger generation of work¬ 
ers, or have left so much in the way of valuable permanent scientific data.—^University of 
Texas Herbarium Biographical Sketch VIIT. B. C. Thar]) & Fred A. Barkley. 

i:n 
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losis, sparse strigosis, dense eiliolatis; pedieelis 1~2 nnii. loiigis, longe-hir- 
sutis; calyce 2 mm. longo, gJaiidiiloso; lobis subaequalibus, deltoidcis, acutis, 
dense eiliolatis; corolla caerulea, circa 6 mm. Jonga; vexilla siiborbiculari; 
leguminibus ovatis, probovscide abbreviato. 

A perennial with creeping rootstock; stem simple below, branched abov(i 
4~9 dm. high, silvery-eanescent, strigose, striate, not glandnlar-dotted ; leaves 
digitately 5-foliolate below, 3-foliolate above; stipules lanceolate, acuminate, 
glabrous except long-ciliolate, glandular, 1 mm. long, persistent; petioles 1-2 
cm. long, striate, canesceiit; leaflets 1-3 cm. long, 3-8 mm. broad, obovate to 
broadly oblanceolate, rounded to subacute, glandular-dotted on both sur¬ 
faces, subglabrous except on the midnerve above, mucro minute, obscured by 
a tuft of hairs; petiolules about 1 mm. long, densely canescent; peduncles 
4-6 cm, long, canescent; racemes 4-6 <*m. long, many-flowTred; flowers 2-4 
at each node; bracts deltoid-lanceolate, acuminate, 1.5-3 mm. long, glandu¬ 
lar, sparsely strigose, densely ciliolate with very long hairs; pedicels 1-2 mm. 
long, long hirsute; calyx 2 mm, long, dark (*olored, glandular, subglabrous 
and strigose-canescent in lines; lobes subecpial, deltoid, acnite, shorter than 
the tube, densely ciliolate; corolla blue, about 6 mm. long; banner suborbicu- 
lar; pod ovoid, glabrous, glandular dotted, with short erect beak. 

Tyi^E: Midfield, Texas, April 7, 1939 (II), B, C. Tharp s.n. in the Thii- 
versity of Texas Herbarium. 

This species is closely allied to P. fioribnndnm. (Nutt.) Kydb., P. tvaui- 
florion (Pursh) Rydb. and P. ohtusilobum (T. & G.) Rydb. in general aspect. 
It is more densely canescent, the inflorescence more compact, the eiliation of 
the calyx-lobes is shorter and denser, the pedicel is shorter than the calyx, 
and the bracts are shorter and broader. 

Besides the tj’pieal variety, Psoralidium linearifolluai (T. & G.) Rydb. 
is represented in Texas by two varieties: 

Psoralidium linearifoUum var. palodurensis Tliarj) & Barkley, var. nov. 
Varietas speciei similis excex)tis bracteis lanceolatis, acutis, calycis lobis sub- 
acuminatis, floribus majoribus et longius pubescentibus. 

Perennial; 4-8 dm. high, striate, wdth long slender branches; branches 
sparingly glandular-dotted, sparingly strigose with long white hairs; leaves 
short-petioled; leaflets 1-3, very short petiolulate, glahroiis above, strigose 
below^ glandular-dotted above and below, 3-6 cm. long, 2-3.5 mm. broad; 
flowers in loose racemes, pedicels slender, 1-1.5 cm. long, bracts lanceolate, 
acute, glandular-dotted, strigose, 3-5 mm. long, j)etals 10 mm. long; calyx 
6 mm. long, 2.5 mm. broad, strigose, glandular-])unctate, calyx lobes densely 
long-ciliolate, lanceolate, subacuminate. 

TYPE: Palo Duro Canyon, Texas, June 15, 1929, B. C. Tharp 5767 in the 
University of Texas Herbarium. 

Psoralidium linearifoUum var. texensis Tharp & Barkley, var. nov. 
Varietas speciei similis exceptis bracteis ovatis, (‘ordatis, calyce obliquo et 
glandulosissimo, calycis lobis subacutis. 

Perennial, 4-8 dm. high, striate, with long slender branches; branches 
sparingly glandular dotted, strigose; leaves subsessile; leaflets 1-3, very 
short petiolulate, glabrous above, strigose below^, glandular-punctate above 
and below, 2-5 cm. long, 2-4.5 nim. broad; flow^ers in loose racemes, pedicels 
slender, 6-9 mm. long; bracts deltoid-ovate, cordate, acute, glandular-dotted, 
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stri^ose, 1“‘2 mm. petals 8 mm. loiij?; ealyx 3.5 mm. long, 2 mm. broad, 
sparsely stripse, densely glandular-punctate, calyx lobes subacute, glabrous 
except margin densely short-ciliolate. 

Type : Sherman Lake, Grayson County, Texas, June 15,1939, B, C. Tharp 
s.H. in the University of Texas Herbarium. 

This is the common variety in Texas, although the typical variety enters 
the state in the northeast corner. 

Parosela Walkerae^ Tharp & Barkley, sp. nov. Herba perennis; radici- 
bus ligneis; caudice ligneo, brevi; caulibus 1-2 dm. altis, gracilibus, sparse 
minute pubescentibns, sj)arse glandulosis; foliis 5-25 mm. longis; foliolis 
3-11, oblanceoiatis, 3-7 mm. longis, glabris; pedunculis circa 2 cm. longa; 
spicis laxis, 4-5 cm. longis; bracteis late ovatis; longe acuminatis, subter 
conspicue glanduloso-punctatis, margine plus mimisve scarioso; calycis tubo 
late turbinato, circa 2.5 mm. longo, serieeo; calycis lobis 2.5 mm. longis, subu- 
latis, ad basim triangularibus; corolla purpurea. 

A perennial, with a woody root and short caudex; stems 1-2 dm. high, 
slender, microscopically sparsely puberulent; sparsely glandular; leaves 

O. 5-2.5 cm. long; stipules subulate, 2 mm. long; rachis margined, glabrous, 
sparsely glandular-dotted; leaflets 3-11, oblanceolate, broadly cuneate at 
base, rounded at apex, 3-7 mm, long, glabrous, very sparingly glandular 
dotted; spikes lax, 4-5 cm. long; bracts broadly ovate, iong-acuminate, con¬ 
spicuously glandular-dotted on the back, somewhat scarious margined; calyx 
tube broadly turbinate, about 2.5 mm. long, silky-villous; lobes 2.5 mm. long, 
abruptly subulate from a triangular base; corolla deep purple; pod sparsely 
villous above, densely long villous on the margins. 

Tyfe: La Joya, Hildalgo County, February 2, 1942, Mrs. E. J. Walker 
s.n.^ in the University of Texas Herbarium. 

The inflorescence of P. Walkerae is lax and interrupted much as it is in 

P. enncandra (Nutt.) Britt, but the corolla is a deep purple. The habit, calyx 
and bract are most similar to that of P. pogonaihera (A. Gray) Vail. The 
calyx-lobes are abruptly subulate and about the length of the calyx-tube as 
contrasted with the larger calyx of P. pogonaihera^ whose abruptly subulate 
calyx-lob(‘s are from one and one-half times to twice as long as the tube. 
P. lasianihcra (A. Gray) A. Heller has calyx-lobes broad at the base, gradu¬ 
ally tapering to subulate tips, the lobes much shorter than the tube. 

The Herbarium, Dei>artment of Botany and Bacteriology, 
UniveRkSIty of Texas 
Austin, Texas 

^ Tlidina, daughter of Mr. & Mrs. E. I). Kateliff, born at Kingman, Indiana, on 
December 20, ]9()S, married E. J. Walker on Ain*il 24, 1930. In 1909 moved to the 
Grande Valley (Starr County, Texas) where she lived until slie married except for the 
first four gi-ades of school at Mc.Allen, Her home is now at La Joya. Since 1933 she has 
collected many specimens of flowering plants which have gone into the H. M. Tracy Her- 
barium, Tlie Gray Herbarium of Harvard University, and the University of Texas Her¬ 
barium. Her color })ortraits of native flowers show uninsual skill in technical painting. She 
is eminently deserving of re('ognition for the many interesting plants and extensions of 
range which her collections in the Rio Grande Area have made available for study.—ITui- 
v(»rsity of Texas Herbarium Biographical Sketch lA. B, V, Tharp & Fred A. Barkley, 
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TYPES OF ANTHESIS IN HEMEROCALLIS AND THEIR 
HEREDITY IN Fi HYBRIDS 

A. B. Stout 

It has been recognized and discussed at some length (Stout 1933; 1934) 
that in species of Hemerocallis there are three main types of anthesis: (1) 
the diurnal or day-blooming, (2) the nocturnal or night-blooming, and (3) 
the extended blooming. For some time it has been evident to the writer that 
there are further distinctions in the periods of anthesis of the sets of flowers 
of daylilies and that special methods in the analysis, description and repre¬ 
sentation of the time-intervals of anthesis are desirable in respect to evalu¬ 
ations (a) of the antheses of the successive sels of flowers under different 
conditions of weather, (b) of the behavior that can be considered character¬ 
istic of species and hybrids, and (c) of the heredity of the different types of 
anthesis in hybridization. It is to be noted that this paper is primarily con¬ 
cerned with the nature and character of anthesis and not with the calendar 
dates or season when flowering occurs. 

METHODS OF OBTAININC3 AND PKESENTIN(J DATA 

In daylilies an individual flower is open during only one period, in the 
condition known as anthesis. The many flowers of a plant mature in a 
rliythmic succession of groups or sets and the flowers of each set ]m\'e 
antheses that are synchronous. One may obtain data for an entire set of 
flowers and speak of the collective antheses as the anthesis of the set. When 
two or more individuals, especially of a species or of a progeny of known 
parentage, are uniform in flower behavior, or nearly so, their synchronized 
antheses may be treated collectively as an anthesis of the entire group. Also 
the data for different antheses during an entire period of flowering may be 
combined in ways that provide an evaluation of the fundamental character 
of what may be called the anthesis of an individual, a clone, a group of sister 
hybrids, or a population of a species. 

In collecting the data here reported it was the aim to make observations 
on each individual or each group of plants at intervals of not more than 
three hours during the entire period of the anthesis of a single set of flowers 
and to obtain such data from a number of different sets during the season of 
flowering. To facilitate the collection of the data during the night several 
scapes were cut in the late afternoon of plants growing in the experimental 
garden at The New York Botanical Garden. These were put in pails with the 
stems in water and transported by auto to the author’s home where they were 
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placed on an open veranda. Under careful handling: the flowers of such 
seaj)es closed or opened witli normal reg^nlarity for observations between 
6: 00 P.M. of that eveninj? and 6:00 A.M. of the next morning:. Usually the 
flower behavior was then observed for the same plants in the experimental 
plots not later than 0: 00 A.M. Flowers, in considerable number, of each set 
WTre labeled with markings tag:s of different colors and numbers in a w^ay that 
made certain the identification and the re{*ords of successive sets of flowers. 
This [U’ocedure was especially necessary when there was overlap of sets, 
inter])olation of a set, or a delay in the development and anthesis of a set of 
flowers. Unless otherwise stated all of the data presented in this paper 
incliidingr that of the figrures were collected during: 1941. 

Anthograms.^ The diag:rams sho^^m in the figures acompanying this 
article were devised by the writer to present graphically the essential fea¬ 
tures of the different types of aiitheses in Hcmerocallis. 

The data for the anthesis of any single set of flow’ers produced by an indi¬ 
vidual or by two or more individuals that are reasonably uniform may be 
used in constructing a diagram which may be called an s-anthogram. Sindi 
tliagraius may be oriented in a chart according to the clock hours of daylight 
and darkness. Then the base line of an s-aiithogram indicates the time-inter¬ 
val between tln^ beginning of anthesis and its conclusion, and the upper line 
of tlie diagram indicates the time-interval during which the flowers were 
fully o])en. In figure 1 the entire body of the s-anthograms is blocked solidly 
in l)la<‘k, but in figures 2 and 3 the s-anthograms are much flattened. 

The data for any number of antheses of an individual plant or of a num¬ 
ber of [>lants which have the same or very siniilai* flowering behavior may 
be ('ombined and representetl in a composite diagram here designated a 
c-anthogram. Such a diagram (see figures 1 and 4) indicates the extremes in 
the time of opening and closing of all sets of flovJ^rs that were observed on 
an individual i)lant, on a group of I’amets of a clone, or on a number of indi¬ 
viduals of the same sjieeies or progeny. The^our points from left to right 
in the base line indicate the earliest il) and the latest (2) incei)tion of 
anthesis; and the earliest (>’) and the latest tyfie (/) of the completion of 
anthesis for all the sets of flowers observed'. The four points in the upper 
line of the (*-anthogram indicate the earliest time (u) and the latest time {h) 
of full anthesis; and the earliest time (c) and the latest time (rf) when 
flowers began to (dose. The body of a c-anthogram between points h and c is 
hlocked-in in black and this section indicates the time-interval during which 
flow(U’s were widely open on every day of the ob.servations. Thus the h-c 
interval indicated by the section in black is common to all sets observed and 
it is an important value for compari.sons. The numbers and letters applied 

1 Tli(' term i^ithogram was sntrerested to the writer hy Dr. Hjirold W. Riekett. 
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to the time-points of e-anthof>Tams are indicated for two c-anthoj^rams of 
figure 1 and for one c-antho^ram of figure 4. 

The two kinds of aiithograms as here constructed are distinctly different 
in appearance (fig. 1). They present rather graphically the values for those 
features of anthesis that are characteristic of species, of grou])s of indi¬ 
viduals of a hybrid progeny, oj* of members of a clone. When they are (*oordi- 
nated according to the hours of the day, as in figures 1--4, evaluations and 
comparisons of the character of the various anthesis are simplified. It is to 



Fig. 1. Typical 8-aiitliograms (rntirely in black) an<l c.-antliograms (with 8 tinio-points 
aH indicated undc?r B. esculcvia and H, minor) for 11 8pecies of BcmrrocaUis, 

be noted that the anthograms which are oriented according to hours of a day 
in the vertical columns of these tables are not for tli(‘ same calendar day and 
also that the two or three s-aiithograms in the same level are not necessarily 
for successive days. 

DAY-BLOOMING SPECIES 

The first seven sections in figure 1 are for daylilies that have diurnal 
anthesis. Of each of these except the clones of aurantiaca^^ and //. fvlxm 
clone Eiiropa there was available for observations a considerable number of 
ramets of different clones, or of seedlings, or of both seedlings and clones. 
Yet there was remarkable uniformity within the numbers of each group with 
respect to the floww behavior of any anthesis. 
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In figure 1 the two or three s-anthograms that are given for each species 
are representative but usually they do not indicate the extremes of the vari¬ 
ations in anthesis that were observed and which are indicated in the c-antho- 
gram. 

Members of the species II. cscnlenta, H. Middendorffii, and H. Du- 
mortierii, of the day-blooming species, flower early in spring. H. exaltafn, 
H. aurnnfiaca, and 11. fulva clone Europa flower in midsummer. Members 
of the species H. multi flora collectively flower in late summer and autumn. 
Hence the diurnal habit is well distributed over the entire growing season. 

Survey of Diurnal Anthesis. The anthograms presented in figure 1 for 
the seven day-blo(miing day lilies, and espe<‘ia!ly the c-anthograms, show that 
the end-points of all the common intervals {b-c) fall between 8: 00 A.M. and 
7 : 00 P.M. and that tlie mid-points in the aiitheses fall somewhat after 12: 00 
noon except for If. DumorHerii. There are definite and s])eeific differences 
in various features of diurnal anthesis. 

In the region about New York City H. fulva clone Europa blooms ni mid¬ 
summer and shows slight variation in a~ b, c-d, and 1-2 and 3-4 time-points 
and intervals. The ilistimdive clonal name “Europa Daylily^’ was given 
(Stout 1020) to the (done that has long been grown in Europe, and to 
Linnaeus and many other botanists and gardeners it was the only ])lant of 
II. fulva which was known. Kerner and Oliver (1805) ])uhlished a list of 
s])ecies which have eiihemeral flowers that open once only for a i)arl of a day. 
The i)eriod of anthesis for flowers of Henu rocallis fulva'^ is given as 14 
hours, the time of opening between 8: 00 to 0 : 00 A.M. and the time of closing 
at 4: 00 to 5 : 00 P.M. But in another table it is stated that at Tpsala, Sweden, 
the flowers of II. fulva o})eu at 5: 00 A.l\l. and close at 7:00 to 8: 00 P.M., 
while at Innsbruck, Austria, they open between 0:00 and 7:00 A.M. and 
close bet wc’cji 8: 00 and 9: 00 P.M. It is stated that in the famous floral clock 
(Hmstruct(‘d by Linnaeus i)lants of H. fulva were included for the closing 
hour of 7:00 to 8:00 P.M. 

The Europa Daylily is widely grown in Europe and America over a 
rather wide range in latitmle and variations are to be expected in respect to 
calendar dat(\s of flowering and to responses of anthesis under different tem¬ 
peratures and i)eriods of daylight. Dr. Hamilton P. Traub has reported to 
the author by letter during 1944 that at Salinas, California, the flowers of 
the Euroi)a Daylily “ last not only two days but several days due to the cold 
weather that slows u]) growth and senescence." At New York during thirty- 
three years of observation the writer has never observed in any flow^ers of 
tliis daylily the extension of an anthesis into the hours of a second period of 
da3dight. 

H. auraniiaca, also a clone, which blooms with the Europa Daylily has 
somewdiat shorter anthesis, as shown b}’ the value of b-c, but more variation 
in opening and closing (see values for a-b, cwL and 3—i), 
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The data for the f^roup of seedlings of H. exaliaia, also summer-flowering, 
show much irregularity in time of closing. Occasionally in cool and rainy 
w'eather the flowers remain widely open throughout the night following a 
rather normal day-blooming. The latest time-point for full opening (d) was 
7: 00 A.M.; and the earliest complete closing (d) was 1; 00 P.M. Thus the 
anthesis of the plants of //. exaltaia is definitely day-bloomuig in regard to 
the common period (h-c) but it is more extended into the hours of darkness 
than in any other of the day-blooming species that were studied. 

The three species H, cftcnlenfa, H, MkhJendorffii, and H. Dumortierii 
flow’er early in spring, usually during May. These are quite alike in anthesis. 
H. Dumortierii is somew’hat more variable in the intervals of opening and 
closing, but its common period of anthesis is more balanced in reference to 
mid-day. 

The three s-anthograms for f/. multi flora are for the original plants 
obtained from China and some 75 of their seedlings, and they are for the 1st, 
the 8th, and the 20th day of the observations. But no data were taken for the 
more delayed opening and closing that frequently o(*curs in plants of this 
species after the first week in September. Otherwise for this species the time- 
intervals of opening are more extended and irregular than are the intervals 
of closing. 

P\)r all the day-blooming species that were studied the common intervals 
h~c w'ere definitelj’ diurnal and in no cas(‘ was there an overla(> at any time 
of two sets of flowers that were fully open. 

Other day-blooming species besides those reported above include //. uancty 
H. Forrestii, and H. liitorea. Of the first two of these, there have been few’ 
plants and flow^ers for study. Of the so-called 11. littorca there are numerous 
clonal propagations of a plant obtained from Japan and a considerable num¬ 
ber of its selfed seedlings. The flowws of these are definitely day-blooming 
during w'arm sunny days throughout the earlier portion of the blooming 
period but during the cool weather of late September and October the anthe¬ 
sis is ofteji delayed, extended, and irregular; and fre(|uently all flowers of 
a set remain only i)artly open. 

It may be noted that all the day-blooming daylilies discussed above have 
either clear orange or fulvous-red flower coloring. It may be not(*d, however, 
that H. eoreana (Nakai 1932), wdiich is described as yellow-flowered, is 
reported by Kara (1941) to have ‘‘yellow diurnal flowers.’’ 

THE NIOrfT-BLOOMIN(3 SPECIES 

Of the named species which have nocturnal anthesis only tw^o are defi¬ 
nitely know’n to the writer and data for these are presented in figure 1. 
Both have flowers that are pale yellow and odorous. 

H. cifrina. Of this species there w’ere ramets obtained from Italy, wdiich 
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are believed to be divisions of the plant described as the type of this species, 
and also seedlinjrs j?rown from seeds that were collected in the wild in China. 
In 1941 the combined period of bloom for these was from June 24 to July 3D. 
Two rather typical s-anthojrrams are showui in fi^»:ure 1 and the c-anthoj?ram 
combines all of the observations made on the anthcses of these plants in 1941. 
The h-c interval for these plants extended over about five hours of darkness 
with the median points near 11:00 P.M. In only two sets did the flowers 
start to open earlier than 3:00 P.M., and the earliest time-point for full 
openiiifi: w^as at 7: 00 P.M, Ortain of the unnamed wild night-bloominjr day- 
lilies which the writer has obtained from the Orient do not conform closely 
to the robust j)lants to which the name H. ciirina was first j^iven. Especially 
do some of these have smaller flowers and more narrow leaves. Hara has 
j^iven two Jiew specific' names {Ilemfrocallis yczocnsis, 1938; H. vespertina^ 
1941) to collections that had been classed as H. cifrina, and he states that 
plants of H. resperlina are ni<rht-bloomin<r. 

II. alti.saima. Of tli(‘ species named H. altissinia (Stout 1943) the type and 
co-type ])lants and numerous of their seedling:s have been studied. The col¬ 
lective bloomin^^ period of these much-branched plants has extended from 
the middle of July until late in October, but no data on the an thesis were 
('ollected after Se])tember 10. In the observations that were made the b-c 
interval for this rather larjie ^roup w'as a duration of seven hours with its 
median ])oint at 11 :30 P.M. Hence the anthesis is definitely nocturnal in 
character. Durin<i‘ autumn wlien there are often cool nights the flowws may 
remain Avidely open until 9:00 A.M. and on some days they are not fully 
closed until 3: 00 P.M. 

A compai'i.sou ()f the c-anthoj^rams of tliese tAvo uij.rht-bloomi)!}? species 
shows a difference of two hours in the extent of the b-c interval; the tiine- 
]K)ints of openinjj: are more extended in H. cifnna; and the time-points of 
closing: are more extended in H. altissima. But these contrasts may be due 
to the differences in the temj)eratures of summer and autumn. For both spe¬ 
cies the common interval [b-c) Avas completely nocturnal, and there Avas no 
overlaj) at any time of tAvo sets of floAvers that Avere fully open. 

SPECIES AAUTH EXTENDED ANTHE-SIS 

1. The Semi-Extended Anthesis of Hemerocallis Thunbergii, Of this 
species there Avere aAailable for study ramets of the clone propagated under 
this name in England since 1867. a fcAv of the seedlings derived from these 
by controlled pollination, and also t)lants of this type that were obtained 
directly from the Orient. 

The c-anthograin ('omiiiled from a considerable number of s-anthograius 
and a large number of observations for a ])art of the day shows that the 
common interval for the Avidely open condition extended from 11:00 P.M. 
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to 6:00 A.M.; hence this feature of anthesis is definitely nocturnal. But dur¬ 
ing the cooler days of midsummer the full anthesis of sets of flowers may 
continue until 3:00 P.M. of the following period of daylight. The earliest 
hour for complete closing was 2; 00 P.M. and the latest was 8: 00 P.M. But 
during most of the interval of closing (c-4y from 6: 00 A.M. to f): 00 P.M.) 
the flowers w^ere often wilting and fading and more or less unsightly. 

The floAvers of these plants do not open early enough to make a good 
showing during the late afternoon. During the hours of the forenoon in hot 
Aveather they are sometimes fading and Aviltirig. In the afternoon a set may 
be closed as early as 2:00 P.M. and if the closing is later the floAvers are 
usually unsightly. The c-anthogram for H. Thunhcrijii shoAVs that the latest 
hour of full antliesis Avas 3: 00 P.M. and the earliest hour for this time- 
interval {a) Avas about 7:30 A.M. Thus there was no oA^rlap of twT) sets in 
full anthesis. 

No data are given in figure 4 for the anthesis of Fi hybrids Avhi(*h have 
plants of H. Thiinberiiii for a parent. In all of the progenies of these hybrids 
that AATre studied and also in progenies of intra-specific breeding there Avere 
variations of the anthesis of sister Fi hybrids during a single day of as much 
as sOA^eral hours in the time-])oints. It is considered that at least some of the 
plants of 11. Thunhfygii for Avhich data are here shoAvn are sonieAvhat heter¬ 
ozygous in respect to tlie heredity of anthesis. Tliere Avere, liowever, no 
appreciable variations in the anthesis on any one day among the plants 
included in this pai'ticular study. 

The plants of IL Thunhrrgii AAdiich are included in this rei)ort luiA^e an 
anthesis that is chiefly nocturnal Avith an extension of tlje time-points of 
eh)sing {c-cl and ,?-i) into the folloAAung hours of sunlight. This extension 
is promoted by cool temperatures A\diich, during the period of floAA^ring, 
usually accompany rainy or cloudy Aveather. 

ScA'Cral collections of IlemerocaUis obtained from the Orient are some¬ 
what similar to the type of H. Thunhergii in the character of the flowers but 
are different in having taller and more branched scapes and differences in 
foliage. The species Henierocallis yezoensis (Hara 1938) is described as more 
like H. Tlmnhcrgii than 11, citrina, and as having floAvers that are night¬ 
blooming but which remain open during the folloAving forenoon. 

2. The More Extended Anthesis of H. minor. Of this species there 
were studied ramets of several clones that have been cultivated in Europe 
and seedlings groAvn from their seeds. Since 1941 several collections of seeds 
from wild plants in Northern China have been grown which are to be in¬ 
cluded in jy. minor. The entire normal period of first-flowering for this group 
especially studied in 1941 extended from May 1 to elune 27. There is also a 
second-period of blooming by numerous plants which extends into the 
autumn, but special data on anthesis Avere not obtained for such flowers. 
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Observations were made on the anthesis of sixteen different sets durinj^ the 
period of first flowering?. The s-anthoj^rams or parts of them that are shown 
clearly indicate that an extended anthesis is normal for these plants. The 
time interval 1~3 was 28 hours and that of 2-3 was 23 hours, hence the short¬ 
est complete anthesis observed was somewhere between 23 and 28 hours. The 
common interval b-c was 18 hours and it extended from 10:00 P.M. until 
4:00 P.M. of the following' day. After 3:00 P.M. tliere was much overlap 
of two successive sets but it was only between 7: 00 P.M. and 1: 00 A.M. that 
both sets were ever widely open at the same time. 

The time-intervals of the inception of anthesis of II. minor were defi¬ 
nitely nocturnal and they show sli<rht fluctuation. The anthesis is extended 
to as late as ]: 00 A.M. of the next ])eriod of darkness, but there is much 
fliK'tuatiou in closin**; and often the flowers fade and wilt. 

Jt may be noted that a scape oi* H. minor with an open flower and buds 
is illustrated in plate 18 of the Somoku-Dzusetsu (linuma 1874), A trans¬ 
lation of the text sui>plied to the writtu* by Professor T. Maekawa states that 
^‘the flower bej»:ins to open afte/ sunset and bcfiins to close after sunrise and 
wilts in the forenoon. Therefore the people say ' Yuu-Suilu*’ meaninjr Evening 
Day lily. Another name for this plant is ‘Matsu-yoi-gusa’ whi(*h means Svait- 
ing-evening-herb.’ ” Other 3a|)anese i)ublicatious note that the flowers of 
this species are night-blooming with some extension into the following ])eriod 
of daylight. 

A comparison of the anthesis of H. minor with that of II. Thnnbergii may 
be made as follows. The antheses of these two species are very similar in 
being nocturnal in inception and somewhat similar in the range of variations 
in closing. Tiien* is considerable wilting and fading of the flowers of both. 
But the extension of anthesis is much greater in H. minor and more com- 
pletely a combination of nocturnal and diurnal periods. 

3. The Much Extended and Sensitive Anthesis of H. flava. The studies 
here reported are (‘iitirely for the ramets of a clone that has long been grown 
in Eun)pe and America under the common name “Lemon Daylily.” This 
cloiie is the historical type on whi(*h Linnaeus bestowed the name Hnncro- 
caJlis flora, and he evidently knew no other yellow-flowered })lant of Hvmcro- 
callis. Many live plants of yellow-flowered members of Ilemerocallis have 
come directly to The New York Botanical Garden from the Orient and also 
seeds have come from which numerous seedlings have been grown to ma¬ 
turity. Also tlie writer has examinetl herbarium specimens of collections of 
wild plants of IlcmfrocaUis at Edinburgh, London, and New York. Not one 
of all these plants or specimens can correctly be assigned to the Linnaean 
type of II. flora. For a discussion of this matter reference may be made to 
an earlier publicatioji (Stout 1935). Of the other clones of daylilies in culti¬ 
vation in Europe which the writer has seen only one is noticeably similar to 
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the Lemon Daylily. Its flowers are smaller, the foliage is more upright, and 
the capsules are different in size and shape. But in color of flowers, habits 
of the growth of foliage and of rhizomes, season of flowering, and flow^er 
behavior the two clones are very similar. 

For the observations during the one flowering season in 1941, at least 
100 well-grown clusters of this one clone of the Lemon Daylily were available 
at The New York Botanical Garden, in my own home garden, and in the 
gardens of three of my neighbors. Rather complete records were obtained, 



Fig. 2. Data and a-antho^rainH for 22 consecutive setH of flowers of the clone known 
as Hemerocalliti ffava. 


often with observations at one-hour intervals, for the entire antheses of 22 
consecutive sets of flowers which opened between May 20 and June 8 iiK'lu- 
sive. The entire period of flowering for the group of plants was from May 12 
to June 14, but during the first week and the last week of flowering there 
were relatively few flowers open. 

In figure 2 the s-anthograms are more flattened than in figure 1. The 
intervals of full opening is represented by the heavier portion and the time- 
intervals of opening and closing are shown by narrow^ extensions. Each 
s-anthogram with its time-points is placed according to the hours of the day 












Fig. 3. Data for the antheses of flowers of Hcmerocallis flava. Explanation in text. 
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and they are in succession from top to bottom according to the calendar dates 
(midnight to midnight) of the day when each anthesis was initiated. Each 
of the dates given in column I is for the day during which an anthesis began 
and in section IV the time-i)oints of each set of flowers are placed according 
to hour and day. The section IV is extended to cover two and one-half days 
in order to include the most extended anthesis. 

The different s-anthograms in figure 2 graphically indicate the differ¬ 
ences in the intervals of anthesis and their position with respect to the hours 
of darkness and sunlight. 

In the columns at each side of the section IV in figure 2 there are given 
the numerical values for important features of anthesis as follows: I, calen¬ 
dar dates when anth(*ses began; II, number of each of the sets in succession; 
III, interval in hours between the inception of the antiieses of two successive 
sets; IV, distribution of intervals of anthesis according to hours of daylight 
and darkness; V, time-intervals of entire anthesis; VI, time-intervals for the 
complete opening of each set; VII, time-interval of the overlaj) in tlie entire 
period of anthesis of each set with that of the previous one; Vlll, time-inter¬ 
val of overlap of the full opening of each set with that of tiie i)revious one; 
and IX, time-intervals when no set was in full bloom. 

In figure 3 the data for the antheses of the 22 sets of flowers of th(‘ <*lone 
H. flava are arranged in a manner that emphasizes certain of the values of 
the antheses. The rep)resentation of the character of the different antheses is 
coordinated in column IV for each successive pericKl of daylight (5:00 A.M. 
to 7:00 P.M.) and in column V for the following period of darkness (7 :00 
P.M. to 5; 00 A.M.). Thus the behavior of all sets in any stage of anthesis at 
any time of each day is indicated. In column T, there are calendar dates for 
the successive period of daylight; IT lists the number of the one or more sets 
that started their antheses during each of the successive periods of 24 hours; 
column III indicates the number of each set whose anthesis continued from 
the previous 24-hour i)eriod; IV and V show the coordination of s-antho- 
grams, and the overlaj) in the condition of full o])ening of two or more sets 
is shown by cross-hatcliing. Circles indicate the time-intervals during whicli 
no flowers were fully open. 

In section VI there are graphs wdiich indicate the mean temperature (T) 
in degrees of Fahrenheit, the percentage of relative humidity (H) at noon, 
and (S) the per cent of the possible sunlight. In column VII are records 
of the rainfall. These data w^ere obtained from the Monthly Meterological 
Summaries of data at New York for May and June, 11)41, jirepared by the 
U. S. Department of Commerce, Weather Bureau. 

Features of the antheses indicated in figures 2 and 3 will now be dis¬ 
cussed. 

Inception of Anthesis. This was decidedly diurnal; all of its time-points 
fell between 4:00 A.M. and 10:00 P.M., and 16 of the 22 were between 8:00 
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A.M. and 4:00 P. M, For 10 sets the inception was between 1:00 P.M. and 
4:00 P.M. Even the interpolated sets (Nos. 3, 13, 17, 21) and the sets (Nos. 
33 and 40) that followed a day during which no set started anthesis all had 
points of the inception of anthesis that fell within the range of those sets 
that were in regular sequence. 

Time-Points of the Beginning of Full Anthesis. For 17 of the sets 
studied this time-point fell between noon and 8:00 P.M., inclusive. The time 
most typical for the inception of full anthesis was in the afternoon. 

Extent of Antheses. The intervals of entire anthesis (start to finish) 
ranged from 21 to 67 hours with an average of 37 + (fig. 2, column V) ; the 
interval of complete opening varied from 13 to 57 liours with an average of 
28 (fig. 2, column VI), The anthesis was definitely more extended than that 
of the plants which were studied of H, minor. 

Molisch (1938) records that the longevity of flowers of HemerocaUis flava 
is 6 days. But at The New York Botanical (larden no anthesis of more than 
72 hours (Stout 1933) has been observed on this da\ lily. 

Disposition of Anthesis. As noted already, the inc('ption of anthesis is 
definitely diurnal with its time-points most freciueiit in the afternoon. The 
most typical disposition of anthesis is that it continues throughout the night 
and well into the following hours ol* sunlight. 

Overlap of Different Sets. The intervals of an overlap of sets that were 
widely open are indicated in figure 3 by cross-hatching while circles indicate 
the time wlnm there were no flowers ividflif open. Values in hours for the 
overlaj) of a set Avith tin* |)i’evious set are given in figure 2; column VII for 
entii*e overlap; VJll for overlap of flowers fully o])en; and IX for no overlap 
of flowers that were fully o|)en, Tiiere Avere 15 different periods Avhen there 
Avas an overlaj) of two sets and the extent of these ranged from one to 40 
hours. There was only one period of tAVO hours Avhen three sets Avere fully 
open together. Thus the comlitions Avhich give extension of sets with delay 
in completion of anthesis defitdtely inhibit and delay the development and 
anthesis of the next set of floAvtTs. 

In ease of overlaj) the flowers of a new set are for a time paler in color 
than are the floAvers of the older set (Stout 1933, 1934). 

There was no time during which there were no flowers in some stage of 
opening, but there Avere five different periods of from 3 to 12 hours when 
there were no flowers fully oi)eii. 

Interpolation. The interj)olation of an extra set of flowers w^as observed. 
Of tlie sets 2 and 3 the latter may be regarded as an extra set for there was 
no omission of a set on either the previous day or on the folloAving one. The 
same condition was seen for the sets 12 and 13 and for the sets 20 and 21. 
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Omission of a Set But the two sets (16 and 17) which started anthesis 
close together on June 3 were preceded and followed by the only two omis¬ 
sions observed. But reference to figure 3 will show that on both these days 
there were two sets in extended and full anthesis. The time-interval between 
the inception of two successive sets may be extended to as much as 40 hours. 
Between the closing of a set and the start, of opening of the next set after 
an omission there was always an overlap (see anthograms for 15, 16, and 17; 
and 17 and 18 in figure 3), 

Influences of Temperature, Humidity and Sunlight. That th(‘ condi¬ 
tions just mentioned affect various features of anthesis is obvious and certain 
to one who observes anthesis in daylilies from day to day. It is to be recog¬ 
nized that these external influences operate to affect the internal processes 
of growth, differentiation, and development of flowers. In the daylilies that 
have branched inflorescences, as does the Lemon Daylily, most of the flowers 
are on secondary laterals which develop in bostryxes (Stout 1941) after the 
primary flowers have bloomed. There is much growth and development in 
each bostryx of the inflorescence after flowering begins. There will often be 
two or more flowers open on a scape at the same time but seldom in a single 
bostryx. Especially in the later ])art of the blooming period there will be 
omissions in the daily maturity of at least one flower of a scape. But the 
omission of an entire set during the season of heavy bloom, as was observed 
in H, flava, involves a synchronous and .systemic*, eondition in all seapes of 
the various ramets of a clone. 

High temperatures, clear sunny days, and dry weather all combine to 
shorten the period of anthesis and to advance the inception into the hours of 
the forenoon. These conditions existed for a few days before May 20 and eon- 
tiniied while sets 1 and 2 had antheses of 24 and 21 hours. Also an interpo¬ 
lated set (No. 3) oecurred during this time. The first noticeably d(‘layed set 
(No. 7) followed a droj) in temperature. 

On May 30 there was an interpolated set (No. 13) 'which had a much 
extended anthesis, as had the following two sets. On the 30th the temperature 
was rather high and it remained quite uniform but there was a decrease in 
sunlight and a rise in humidity. The day 'was hot, cloudy and “muggy.'' 

The weather conditions which extend anthesis also check or delay the 
development of the next set of flowers. The anthesis of the interpolated set 13 
was much extended over that of set 12 and the antlu^ses of sets 14 and 15 
which followed were both delayed and extended during a })eriod of rainy 
weather. Sets 14 and 15 were in full and extended antheses during June 2 
and there "w^as a delay which became an omission for the day of a new set. 
But on June 3 the next two sets (16 and 17) began anthesis only seven hours 
apart. Then there was heavy rain and cloudiness with moderate temperatures 
on the 4th, during which sets 16 and 17 continued in extended anthesis with 



10401 


STOT^T: IIEMEROCALLIS 


147 


overlaps of 57 and 48 hours, and ajraiii there was an omission of a new set. 
Bri«:ht snnJijrlit and risinj,^ temperature brought sets 20 and 21 into an inter- 
liolation and an overlap on each other and on set 19; and from 7: 00 to 9: 00 
P.M. on June 7 there were 3 different sets of flowers widely open. Tlien there 
was a shift to shorter periods of anthesis (20, 21, and 22) that were more 
like tliose (Nos. 1~11) of the early jiart of the period of flowering. 

The climax in both the extension of the anthesis and the day by day vari¬ 
ations in anthesis is seen in the Lemon Daylily. There are wide variations in 
the length of anthesis, in tlie precise hours of its duration, and in the location 
of all the time-points. The variations in the different sets of flowers during 
a season of flowering reveal a sensitiveness to environmental ijifluenees that 
sur])ass(‘s all otlier species thus far studied. But on any one day the flowers 
of ea<‘h of the sets of tlie numerous ramets of the clone in a locality will be 
alike in a remarkable degree of synchronism. 

Tlie retarded, delayed, extended, and interpolated reactions of antheses 
must, it would seem, indicate physiological conditions in the plant that are 
more or less localized in the individual scap(s. 

In regard to the character and the degree of the extended anthesis, the 
three types H. Thnnln rgii, II. mihor, and II. jlara show marked differences 
or specificity. All three have an anthesis that is decidedly nocturnal. For //. 
Thutilx vijii the extension of anthesis into the following period of daylight is 
irregular from day to day as shown by the long interval of c~d. For //. minor 
the (‘xtension of anthesis into the following period of daylight is greater than 
that of H. Thunbcrgii as shown in the position of the c time-point at 4:00 
P.M. For 11. ffora the extension of anthesis is still greater. 

THE ANTHESES OF HYUKIDS 

In most of the twelve groups of the Fi hybrids included in this report 
there wen‘ at least ten individuals in good bloom and in some there were as 
many as fifty. With r(‘spect to the anthesis of their flowers the members of 
each of these groups were remarkably uniform on any one day of blooming. 

The c-anthograms for these groups of hybrids combine observations of 
several sets at intervals of from three to four hours and also numerous obser¬ 
vations during parts of different antheses. There has not been opportunity 
since these data were obtained in 1941 to make somewhat continuous obser¬ 
vations over a scries of days, as was do]ie for H. flara, for hybrids and their 
parents wliich are in flower on the same days. 

The e-ajithograms of figure 4 are, it is certain, very accurate in indicating 
the value of the h-c interval, the extent of the various antheses, and the fluc¬ 
tuations in time-points for each group of hybrids. It is certain that mow 
complete data for more sets of flowers could not reduce the time-intervals of 
opening and closing or make greater the b-c value, and these are the features 
of special importance in the evaluations. 
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Hybrids of Pa^l^ts^hSK Have Diurnal Anthesis. The first six c-antho- 
grams from the top in figu^4 are for Pi hybrids of species that hH^ e diurnal 
anthesis. In all cases fff^fiePi hybrids also had diurnal anthesis, but Avhen 
comparisons with the parents are made there are some differences to be noted. 

1. II. esculenta x H. mraniiaca. Series 2118, P'or this series the i-l inter¬ 
val was somewhat more extended than was the corresponding period in the 
seed parent, and it was still more extended than that of the pollen parent. 
As shown in the c-anthogram the common h-c interval was reduced to only 
3 hours and the a-hy c-d, and 3-4 intervals were somewhat extended. Hence 
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Fig. 4. C-anthograms for 12 groups of Fi hybrids of Ifenurocallis. 


these Pi hybrids were more variable than were the resi)ective parents upder 
the day by day changes in the environmental factors that affect flower 
opening. 

2. H. esculenta x H. Dumortitrii Series 2143. Tlie c-anthogram for these 
hybrids shows in comparison with the two parents slight reduction in the 
intervals for h-c and only slight differences in the location of the points 
a and d, but there is a noticeable extension of the interval 3-4. 

3. H. M'iddendorffii x H. DuniorUerii, Series 417. The c-anthogram for 
this group of hybrids is noticeably similar to those of the two parents. The 

interval is not reduced; but the a-fc and c~d intervals are somewhat 
shorter. 
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4. H, mirantiaca x H. fiilva Europa. Series 181. There are only very slight 
differences between the e-anlhograms of this group and those of its two 
parents. The diurnal antheses of the parents and the group of h.ybrids were 
quite alike. 

5. H, fulva 'Mapan'Vfl. mnltiflora. Series 1161. The seed parent is 
diurnal in anthesis but only few observations have been made on the time- 
points and the ijitervals. In comparison to the //. multiflora this group of 
hybrids had a shorter h-r interval but longer intervals for all other values. 

6. H, mnltiflora xll. Middi Series 696. The anthesis of these 

hybrids shows decided decrease in the h-c interval and considerable increase 
in the intervals ^ and c~ d. Thus there w^as greater variability from day to 
day during the season of flowering than Avas se(‘n in the antheses of the two 
parents. 

Fi Hybrids Which Have One Parent That Has Diurnal Anthesis and 
One Parent That Has Nocturnal Anthesis. 

7. //. cifri)ia ^ //, /a/ra var. rosra clone “Rosalind.'’ Series 1541. Twenty- 
live hybrids of this parentage were grown during several years. They were 
remarkably uniform in stature, habits of growth, flower coloring, season of 
bloom, and anthesis. The data which are compiled in the c-anthograms shoAvn 
in figure 4 were obtained from four of these hybrids. The observations Avere 
made between June 80 and July 16 during the time Avheu both parents Avere 
also in l)loom. The data eollecle<l were complete for ten ditferent sets of 
flowers, and on each day of the observations only very slight differences Avere 
obs(‘rved in the anthe.ses of these four plants. 

The anthesis was diurnal in that the hours of the a-d interval ranged 
between 8:00 A.M. and 6:00 P.M. and the latest time-point for the fully 
closed condition Avas at 8:00 PAI. Yet the anthesis was nocturnal in that no 
set started to o])eu (j)oint 2) later than 2:00 A.M. It Avas the rule that the 
floAvers opened sloAvly and that the time-intervals of the o])ening of flowers 
{1-2 and l-n) Avere extended. In its extent, the interval l-i of the c-antho- 
gram for these hybrids includes almost all of the comhincd 1-i intervals of 
the tiro parents. 

Thus the antheses of these hybrids shoAV the influence of both parents. 
The diurnal parent has someA\ hat greater influence especially if one considers 
the position of the a-d interval. Rut the variations from day to daA- Avere 
incro'ased to the degree that there aaes only one hour (8:00 to 9:00 A.M.) 
during which flowers were Avidely open on every day of the observations. It 
is also to be noted that this time-period {b-c) Avas shifted to mid-forenoon 
AA^hich is an intermediate i)osition with respect to the mid-points of the i-c 
intervals of nocturnal and diurnal antheses. 

In somewhat casual observations throughout the blooming period one 
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would be likely to conclude that these particular hybrids have a diurnal 
anthesis and that the diurnal habit is dominant to the nocturnal habit. That 
this is not the case is shown by the decidedly nocturnal inception of anthesis 
and the greater variability of the hybrids. They are much more sensitive to 
variations that oc<*ur from day to day in temperature and sunlight than is 
either of the parents. Part of the time their anthesis was more like that of the 
nocturnal parent and part of the time it was more like the diurnal parent. 
The interplay of these two heredities reduced the h-c interval to one hour 
and the longest a-c interval to six hours. But all the time the influence of the 
nocturnal parent is evident in the inception of anthesis while that of the 
diurnal parent is most evident in the time-period (a~d) of complete opening. 

8. H. ainvntiacaxH. citrina. Series 2454. There were two series of these 
hybrids and a total of 28 individuals. Observations were made on the com¬ 
plete anthesis of one large well-grown jilant during the hours of daylight on 
each of 11 different days between July 3 and July 15. Also data were re¬ 
corded for all the other sister ])lants during ten of these days. For these F, 
hybrids there were wide differences in habit of growth and color of flowers, 
characters for which the clone H. aurantiaca is heterozygous, but there was 
remarkable uniformity in their anthesis. However, the c-anthograrn given in 
figure 4 is for one individual that appearcnl to be representative of the grou]). 

For this hybrid the b-c interval of the c-anthogram was decidedly diurnal 
(8:00 A.M. to 2: 00 P.M.) but it was earlier in its time-range than was this 
interval for H. aurantiaca (10:00 A.M. to 4:00 P.M.). The d and the i 
time-points Avere \cry close to those in the behavior of H. aurantiaca^ but the 
1 point Avas ten hours earlier. 

In the anthesis of these Fi hybrids the diurnal habit is somewhat evident 
but there is an extension of anthesis into the jireceding nocturnal period. 
There is greater variation from day to day than was observed in either 
liarent. The hybrids of H. aurantiaca x H. citrina show less variation from 
day to day than do the hybrids of H. citrina xH. fulva clone *‘Kosalind/^ 
reimrted in the preceding paragrajihs, but there is much the same (*ombina- 
tioii of nocturnal and diurnal features. 

t 

Fi Hybrids Which Have One Parent with Diurnal Anthesis and One 
Parent with Extended Anthesis. 

9. H. Dumorticrii X H. mhior, »Series 477. The anthesis of these hybrids 
was decidedly diurnal in respect to the b-c interval. In its extent this inter¬ 
val of 8 hours w^as the same as that of the diurnal ])arent but it w^as much 
shorter than that of the H. minor. But the time-points for inception of anthe¬ 
sis (1 and 2) fall at 5: (X) P.M. and 7:00 P.M. which are close to the location 
of these time-points in the antheses of H. minor. 

In regard to the start of the opening of their flow^ers tliese hybrids were 
nocturnal quite like H. minor, but the complete opening was delayed until 
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its completion was definitely diurnal in character. The 2-4 time-interval was 
24 hours in extent and its time-points came almost at midnight. Thus there 
was much increase in the extent of anthesis over that of H. Dumortierii. 
There was however no overlap of two sets fully open. 

10. H. MiddendorfjiixH. minor. Series 2150. The c-anthogram for these 
hybrids shows a h~c interval of only 4 hours that extends from 12:30 P.M. 
to 4:30 P.M. This is definitely diurnal and reflects an influence of the H. 
Middendorffii parent. 

But the i>receding a~b interval covered 10 hours and the following c-d 
interval was one of 16J hours. Hence there was a noticeable extension of the 
time-interval when some flowers were fully open. The overlap of two sets 
fully open was rather frequent between 5:00 A.M. and 9:00 A.M, These 
extensions show an influence of the H. minor parent. The much shorter value 
of h-c in the hybrids indicates that the day by day antheses of the hybrids 
were much more variable than those of either parent. There was remarkable 
uniformity in the antheses of the various members of the hybrid group on 
any one day but the hybrids were more .sensitive to the daily alternations of 
daylight and darkness than was either of the two parents. 

The antheses of the two .species H, Dumortierii and H, Middendorffii are 
({uite similar (see figure 1) but the anthe.ses of the two groups of hybrids 
obtained when they are crossed with the one species if. minor are noticeably 
different. 

11. H. Dumortierii > H. flava. Series 2120. In these hybrids the inception 
of anthesis, the position of the a time-point, and the position of the b-c time- 
intervals were all diurnal; but there was marked extension of the anthesis 
as seen in its i-i and a-d time-intervals. These included a diurnal, the fol¬ 
lowing nocturnal, and another diurnal period,—an extent of 30 hours. The 
combined periods of antheses of the hybruls was somewhat shorter in extent 
than the longest anthesis of a single .set of the H, ffara. It is certain, how¬ 
ever, that the variations in the hybrids are less in degree than are those in 
H, flava as evaluated by the various time-intervals but much greater than 
tliose of the diurnal parent. 

The inception of anthesis is decidedly diurnal in both parents, and this 
is the (‘ase in the hybrids. The time-intervals of the extent of anthesis (1-4 
and ii-d) are much greater than those of U, Dumortierii but less than those 
of li, flava. In the hybrids the overlap of sets was most frequent in the fore¬ 
noon. 

The overlap of two sets between 10:00 A.M. and 2:00 P.M. has been 
illustrated in photographs (Stout 1934) of the flowers of the ‘'Gold Dust 
Daylily,’’ one of the early horticultural clones of the Fi hybrids of H. 
Dumortierii and H. flava. 
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12. H. Middendorffii x H, flava. Series 255. These particular Fi hybrids 
were very uniform in flower behavior, habit of g:rowth, and character of 
flowers. Only five of a rather larg-e progeny were kept and these were large 
well-grown plants with numerous flowers when this study of anthesis was 
made. 

These hybrids had the longest common interval of full anthesis (&~c) 
observed thus far in any group of hybrids or in any species except H. minor 
and H. Hava. This period {h-c) extended from 1:00 P.M. to 5:00 P.M. of 
the following day. The a-rf interval extended to 31 hours, from 5:00 A.M. 
until noon of the following day, and there was frequently an overlap in the 
an theses of two sets of flowers during the forenoon. 

In comparison with the hybrids of H, Dumorticrii xH. flava there was 
almost the same extent (1-^) of anthesis, but there was much less fluctuation 
in the time-points of closing (c-d) and a much longer interval (b-~c) of com¬ 
mon full anthesis. 


SUMMARY AND CONCLUDING REMARKS 

1. Specificities of Anthesis. (a) Among the relatively few species of 
the genus Hemerocallh there are three distinctly different main types of 
anthesis which are characteristic her(‘ditary specificities. As far as is known 
the majority of the species have diurnal anthesis, and the flowers of all thes(‘ 
are clear orange or fulvous red in color. Two species have nocturnal anthesis, 
and these have pale yellow flowers wJiich are odorous. Three species have 
extended anthesis, but to different degrees, and these have yellow flowers 
which are odorous. Flowering periods of diurnal s]>ecies are distributed over 
the entire season of spring, summer, late summer, and early autumn. Of the 
two nocturnal species, one flowers in midsummer and one in late summei’ and 
early autumn. Two that have most extended anthesis {II, minor and IL 
flava) bloom in spring at the same time that certain diurnal species bloom, 
and one {II. Thnnbcrgii) flowers in midsummer. Thus the types of autliesis 
are specificity characters that are not differentiated according to a particular 
season in the collective period of flowering. 

(b) The diurnal and the nocturnal habits of anthesis in Hemerovallis 
exhibit sharp contrasts and specific differentiation. There is no overlap of the 
time intervals of common full anthesis {h-c) of these two types. In the diur¬ 
nal type the processes wdiich bring about the climax of flower maturity and 
the action of the mechanism of anthesis operate in a synchronized relation 
with the hours of daylight; ui the nocturnal tyi)e they are synchronized with 
the hours of darkness. Temperature, and perhaps humidity, as well as sun¬ 
light exert noticeable influence on various features of the expression of 
anthesis. 

(e) The extended type of anthesis combines various features of botli the 
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diurnal and the nocturnal habits. The three species that were studied exhibit 
different and definitely pro^^ressive degrees in the extensions of anthesis. 

Thun berg a has an anthesis that is primarily nocturnal and there is 
poor opening and much irregularity during the extension into a part of the 
following diurnal period. 

The anthesis of H. minor is also nocturnal at the .start but is more stabi¬ 
lized in a greater extension into the following period of daylight. 

The anthesis of H. fiara has the most extended anthesis thus far observed 
in the species of daylilies; but there is much variation in the antheses of the 
various sets of flowers. The anthesis is somewhat diurnal in its beginning 
and more than half of the sets attain full o})ening in the hours of the after¬ 
noon. But the majority of the sets continue in anthesis throughout the fol¬ 
lowing hours of darkness and through at least a ])art of the second period 
of sunlight. There are wide variations in the time periods of anthesis. 

Thus the inifiafion of extended anthesis is strongly nocturnal in two spe¬ 
cies and strongly diurnal iji one species. The conclusion of the extended 
anthesis is not (dos(dy (correlated with the next period in tlie alternation of 
daylight and darkness. The time-points of closing are especially fluctuating 
in response to those variations in weather which have relatively little effect 
on the anthesis of diurnal species. Also the conditions which induce extreme 
extensions of anthesis in IL flora also retard the develo])ment and maturity 
of the next set of flowers. Thus when two extended sets are widely opcm dur¬ 
ing a second period of daylight th(*re is usually an omission of a new set for 
that day. 

2. Summary of the Heredity of Anthesis in Fi Hybrids, (a) It is the 

general rule that the Fi hybrids of Hemcrocallis tend strongly to have fea¬ 
tures of diurnal anth(‘sis. But there is also, in every (*ase, definite influence 
of the gemnn derived from a parent that has either nocturnal or extended 
anthesis. Thus there are features of both types of anthesis with somewhat 
noticeable modifications of ea(‘h. 

(b) The V\ hybrids of diurnal ^ diurnal parentage have diurnal anthe¬ 
sis. But there is some evidence that .such hybi'ids are often somewhat more 
variable and less stabilized in the reactions of the ince])ti()n and the (comple¬ 
tion of anthesis. 

(c) The Pi hybrids of diurnal x nocturnal parentage have an anthesis 
that is strongly diurnal. But both of the different genoms exert influeiu'e and 
no anthesis of a set is ])r('cise]y like that of either ])arent for that same day. 
Also the hybrids are more sensitive and variable from day to day. The com¬ 
posite time-int<Tvals for in(»eption (7-2 and a~b) and completion (c-d) of 
anthesis show greater range of variability and in one group of hybrids these 
variations rediu^ed the b-c period to only one hour. 

(d) The behavior of four groups of P, hybrids of combinations of two 
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diurnal species and two of extended habit indicates that neither type of 
anthesis is fully dominant, but that the influence of each parent may be 
recognized. The anthesis is strongly diurnal in inception, but is less so for 
hybrids of H, minor than for hybrids of H. ftava. 

For the hybrids which have H, minor for a parent there was extended 
anthesis nearly equal to that of H. minor, but there was much greater vari¬ 
ation especially in the opening of flow'ers. 

The two groups of hybrids w^hich have U. flava for a parent had anthesis 
that was diurnal in the inception and more extended than that of the diurnal 
})arent but less extended that H. flava. There was a somewhat unexpected 
dift'erence in the variability of the two groups of hybrids, although the two 
diurnal parents were rather similar in anthesis. 

The New York Botanical Garden 
New York 
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THE MOSSES OF GEORGIA—IL 
THE COASTAL PLAIN^ 

Ktttii O. Schornhekst 

On]y three papers dealiiij^ exclusively with the mosses of Georgia have 
been published, none treating the Coastal Plain section of the state. Many 
scattered references to Georgia collections are found in GrouCs Moss Flora, 
and in papers by MeVaugh, Anderson, et al. These, added to data from my 
own collections, thos(‘ of J. K. Small, and herbarium material from the New 
York Botanical Garden and tlie rniversity of Michigan, have served as the 
source of material for tin* ])reseut paper and the one to follow. The result 
is a surprisingly lengthy list of species, although several which might be 
expected to occur are not iiu'luded, owing mainly to the haphazard nature of 
most of the (*ollceding. Before publi.shing this list I had expected to do more 
f)ersonal collecting and to make further study of important southern collec¬ 
tions such as that at Duke University, but travel restrictions due to the war 
have prevented. Although I realize the limitations of the present list, I feel 
that it is large enough and rci)resentative enough to present as a preliminary 
report. 

(ieorgia lies within two of the major )>bysiographic r(‘gions of tlie United 
States, the Atlantic Plain on the southeast and the Appalachian Region on 
the northwest. Tin* latter includes parts of four provinces: the Central T^p- 
land, the A])palachia}i Mountains, the Appalachian Valley and Ranges, and 
the Appalatdiian Plateau (fig. 1). The present paper deals exclusively with 
the Coastal Plain; tin* other regi(ms, with the exception of the Appala<‘hia]i 
Plateau, which has b<*e»i c(»vered by the recent })aper by (^arroll (1945), will 
be treated later. 

The Coastal Plain, bordering the coast of the United States from south¬ 
ern New England to and into ^lexico, occupies all of Georgia south of 
a crooked line conne(ding Augusta, Milledgeville, Ma(*(m, and Columbus 
(fig. 1). This i*rookcd line is the Fall Line, a transition zone some five to 
ten miles wide, marking tin* eoast line of an earlier geologic era. It is easily 
observable in the streams, wliere rapids and falls develop (hence the name), 
b\it is often difficult to discern on the ridges between since there are no 
api)reciable soil ditf(*renees between the two regions. The Piedmont, just 
north of the Fall Ijine, is underlain by ancient granites and other crystal¬ 
line rocks, wliile to the south of it underlying the surface soils are softer 

1 The first paper of this series appeared as: Mosses of Stone Mountain, (teorgia. 
Bryologist 48: 29-33. 1945. 
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sedimentar}!^ rocks such as limestone, or in some places clay or sand. Ap¬ 
proximately three-fifths of the total area of the state, 35,650 square miles, 



is included in the Coastal Plain. The topof^raphy is partly rolling, partly 
flat. The underlyinjif formations are mantled by a wide variety of soils, 
including red clay, ^ray limestone soils, and light-colored sands. Some of 
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these soils represent |j:reatly decomposed formations like the Alum Bluff, 
others are Pleistocene in origin. Streams rising within the Coastal Plain are 
clear, owing to the leaching by sandy banks and beds, but those rivers rising 
to the north and flowing across it are for the most part turbid and discolored 
by dissolved organic matter. Lakes, sometimes numerous, may be original 
d<^prossions or may be formed by solution of limestone. Some of these lime- 
sink lakes are (piite large and deep. Along the Savannah River occur lakes 
which are nothing more tlian abandoned river channels. Sw^amps are abun¬ 
dant in the southern parts of the Coastal Plain, where the ground is fre¬ 
quently low'. Best known of these swamps is the Okefenokee Sw^aiii]), an 
original depression covering 660 square miles, second in size in the United 
States only to the Dismal Sw'ainp of Virginia. At least five coastal terraces, 
derived from sea bottom and converted into land by the withdraAval of the 
sea to a low’cr level, are j*ecognized (LaPorge, Cooke, et ah). 

The sout)n‘rn states are conspicuous foi* the exceedingly heavy growdh 
of bryo])hytes and other small plants wdiich thrive where moisture is abun¬ 
dant and where grow ing (‘onditions foster long periods of vegetative grow^th. 
The southern half of Ceorgia has a warm, moist climate, wdth long summers 
having frequent and heaAT rainfall, and with shoi't mild winters. The grow¬ 
ing season (from last spring frost to first fall frost) averages 250 days near 
the (leorgia-Florida border, and rainfall ranges from 50 to 55 inches per 
year. Thes(‘ figures are representative of the general climatic situation in 
most of the Ceorgia Coastal Plain. 

The states bordering the Gulf of Mexico are of considerable significance 
to one interested in the distribution of plants. The majority of species of 
mosses found here, it is true, are typical of much of eastern North America, 
but the area is a critical one for studying the mingling of temperate and 
tro})ical or subtroi)ical sjiecies. Interest in any area not previously studied 
intensively (-enters around the unusual or unexpected s])ecies found there. 
For exam])le, to list such ubi(pntous species as Bryum argenteum or PoJy- 
irU'hum commune would not cause much excitement in the bryological 
wx)rld, but wlnm characteristically tropical species such as Syrrhopodon 
liguhitus, Fissidens snhcrcnatns, or Mittenoihamnium diminniivum are 
found in the same region as llaplohymenium fruste or Platygyriiim repens, 
characteristic of more northern localities, then one realizes that the region 
needs close scrutiny. 

Anderson (1938) listed 38 species of mosses commoiil}" found in the 
Coastal Plain of North Carolina. Of these, 18 are known from the Georgia 
Coastal Plain, and at least eight others probably occur more or less fre¬ 
quently, for they do in northern Florida, which is much like southern 
Georgia in topography, climate, and vegetation-types. Figiii’e 2 show's the 
distribution of Bnichia DonnMii, a species confined to the Coastal Plain, 
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Mobile figures 3 and 4 show the distribution of Tetraplodon pemylvarmus 
and Cryphaea glomeraia which, althoiifrh not restricted to the Coastal 
Plain, have their gfreatest concentration there. Other characteristic species 
are Syrrhopodon texanm, Homalotheciella fabrofolia, Sphagnum macro- 
phyllum, Sphagnum henryensc^ Sphagnum portoricensc, Entodon Drum- 
mondii, Pogonatum brachyphyllum, and Piychomitrium Drummondii. Such 
species as Clasmatodon parvulus, Plagiothecium micans, Schlotheimia Sulli- 
vantii, and Schwetschkeopsis dcnticulafa are found througrhout the southern 



states, while Cirriphyllum Boscii, J'hflia hiriclla, Fniod^m srductrix, Sci- 
aroniium Lescurii, CUmacium Kindbcrgii, and Leueodon jutaceus are widely 
distributed throii^diout eastern North America. Some species, such as Plagio¬ 
thecium micans, Leueodon julaceus, ForHstroemia trichomitria, and Weisia 
viridula- probably jrrow^ in every county in the state. Fonimalis SulUvanti 
has been considered a Coastal Plain species, but it seems more charact(n'- 
istic of the entire eastern part of the country, bein^ known from Florida, 
Georgia, Louisiana, Alabama. Missouri, Arkansas, Tennessee, Delaware, New^ 
Jersey, Pennsylvania, New York, Connecticut, Massachusetts, Maine, and 
Nova Scotia (Welch, in litt.). 

In recent years a number of writers have shown that present distribu- 
tion of plants can be better interpreted if yve know something of their past 
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distribution. One collection of fossils in South Georg:ia and one in northern 
Florida j^ive the only clue so far to the fossil fauna and flora of the Georgia 
Coastal Plain, but that clue is significant. The Miocene of Florida and 
Georgia consists of three formations, the Chattahoochee, the Chipola, and 
the Chesapeake, in order of age (Foerste). During the early Miocene the 



Fig. 3. lUstribution of Teiraphnion australis. Fig. 4. Distribution of Cryphaca 
(jlomerata. Fig. o. Distribution of Mittenoihamnium {limitiyfivum. Fig. 6. Distribution 
of Syrrhopodon ligulatus. 


Okefenokee Current, a return-current from the Gulf of Mexico, went 
through the Okefenokee Straits. The Chipola fauna, of decidedly subtropical 
(Antillean or C!aribbeau) facies, extended all along this passage and some 
distance northward. Collections made between Bainbridge and Fowlstown, 
in Decatur County, show this clearly. Later the Chesapeake, a cold south- 
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west-running current, introduced northern forms of marine life all along 
the southern border of the Miocene continent. The Alum Bluff formation 
in northern Florida, forty miles southwest of the Georgia deposits, indicates 
much the same condition, namely, a tropical flora receiving replacements and 
additions from a more temperate one (Berry). The present situation in pen¬ 
insular Florida, and to a very limited extent in southern Georgia, is that 
of an essentially temperate flora receiving additions from the tropics. Ex¬ 
amination of the spot maps (showing known collections) of Mittenotham- 
niiini dimimiiivuni or Syrrhopodon ligulaius (flgs. 5, 6) will show tropical 
species which have reached their northern limit in southern (xeorgia, only a 
few miles from the Bainbridge fossil area. 

Sharp (1944) has called attention to the large number of moss(\s common 
to the areas north and south of the Mexican-United States boundary (142 
species). Of these thirty occur occasionally in southern Georgia. Outstand¬ 
ing examples are Campylopus fragillH, Campylopus graciUcaulis, Dicranella 
Herminicri, Dicram Ua Hiiariana, Barbula Vrugcri, Fissidnis poiypodioidrs, 
and Rhizogoniiim spiniforme. Seventy of these species are known from pt*n- 
insular Florida, many from almost every county. The hot, humid conditions 
which seem necessary for most of these troj)ical and subtropical mosses 
change rapidly as soon as the moderating effects of the Gulf of Mexico and 
the Atlantic Ocean are left behind. Only a few miles produce noticeable 
effects. 

There is not much conclusive evidence of the extension of north(*rn spe¬ 
cies southward into the Coastal Plain; the transition is too gradual. Many 
species which are for the most part restricted to more northerly regions 
i::tend southward wherever conditions are suitable. Although Haplohy- 
meniiim trisie occurs rather frequently in other southern states to tlie north 
of Georgia, it has been reported only twice in Florida and twice in southern 
Georgia. This makes it appear to be moving into the Coastal Plain (fig. 7). 
Plaiygyrimn repens is another northern species found only occasionally in 
the southern Coastal Plain (fig. 8). This situation is probably true of many 
small plants. Too frequently oversight has been taken for absence. 

Few intensive studies of the distribution of a single species of moss have 
been made. If such material were available, many of our spot mai>s would 
show more continuous distribution from one section of the country to an¬ 
other. One of the best studies of this sort is that of Anderson on Toriula 
pagorum (1943), a species which, although spotty in occurrence, usually 
grows abundantly wherever it is found. Scarcity of elms in southern Georgia 
and Florida may account for its absence in those regions, although Anderson 
has found it growing on live oaks, pecans, and other ridged-barked trees 
in addition to its usual elm habitat. It reaches its maximum development in 
the Piedmont, but is sufficiently common in the Coastal Plain, where it 
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occurs erratically, to be rather striking. It has been collected in 12 counties 
in the Georgia Coastal Plain, and 154 stations in all are known for this 
species. 

Among the mosses with limited distribution not already discussed three 
others arc interesting enough to receive comment. Fissidens suhcrcuafus is 
known from Puerto Rico (as F. pellucidus), from two stations in Mexico, 
one in Florida, and one in Georgia (Loundes County). In 1930 Roland M. 
Harper, who made this Georgia collection, also collected a new species, 
Rhynchostegiella gcorgianOy in a swamp about two miles south of Macon, 
in Bibb County, at the edge of the Coastal Plain; so far as 1 know this 
species is not known from any other station, t^olmsiclla hisermfa (as Erpo- 
dium hiseriatum) was collected near Augusta by Snllivant in 1845, but has 
never been collected again. 

LIST OF SPECIES 

Xomenclature follows the lists of mosses and Sphagnum, in the special 
check-list number of The Bryologist (vol, 43, Oct. 1940). Since no check list 
of species of mosses occurring in Georgia is available, (*ounty records are 
included. In a few instances this procedure could not be followed, for some 
of Dr. Grout’s collections from tlie Okefenokee Swamp bore no location data. 
These are marked simply “Okefenokee.” 


POLVTRIUIIAI’EAE 

Catuekinaea Maumillani HoJz. Gl^iin, Grady, Tliomas. 

PoQONATUM brachyphyllum (Ri(*h.) B(‘auv. Dotige, Loundes, Ran¬ 
dolph, Richmond, Thomas. 

POGONATUM PENSiLVANicuM (Hedw.) Paris. Randolpli. 

PoLYTRiCHUM COMMUNE Iledw. Loiiudes, Okefenokee. 

FISSIDENTAC’EAE 

Fissidens adiantoides Hedw, Clay, Sumter, 

Fissidens Bushii Card. & Ther,, Thomas, 

Fissidens mintttultts Sail. Richmond, Stewart, 

Fissidens osmundioides Hedw. Decatur, Grady. 

Fissidens polypodioides Hedw. Grady, Thomas. 

Fissidens Ravenelii Sull. Grady, Thomas. 

Fissidens subbasilaris Hedw. Thomas. 

Fissidens subcrenatus Schimp. Loundes. 

Fissidens viRiDULT^s (Web. &Mohr) Wahlenb. Grady, Richmond. 

DITRICIIACEAE 

Bruchia Donnellii a list. Thomas, Ware. 

Ditrichum pallidi^m (Hedw.) Hampe. Grady, Thomas. 

Plburidium RavenioLiIi Aust. Riidiraond. 

Pleuridium subulati:m (H(‘dw.) Lindb. Loundes, Richmond. 
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DICRANACEAE 

Campylopus fragilis (Dicks.) Bry. Eur. Okefenokee, Ware. 
Oampylopus GRAciLioAPLis Mitt. Ware. 

Dicranella Herminieri Beseh. jRaridolph, Thomas. 

DiCRANEiiLA HETEROMALLA (Hcdw.) Scliimp. Glynn. 

Dicranella Hilakiana (Mont.) Mitt. Loundes, Randolph, Thomas. 
Dicranella VARiA (Hedw.) Schimp, Loundes. 

Dicrant^m condensatt\m TIedw. Camden, Riehmond. 

LE(’(’OBRYACEAE 

Lei cobryI'M albidt^m (Brkl.) Lindb. Brooks, Chatham, Glynn, Loiin- 
des. Randolph, Riehmond, Stewart, Walton, Ware. 

Leucobryitm glaiu’T'm (Hedw.) Sehimp. Ware. 

(ALYMPERACEAE 

Syrrhoi^odon PLORiDANrs Sull. Okefenokee. 

Syrkhop()1X)n LiGCLATi^s Moiit. Clinch. 

Syrrhoi^odon texants Sidl. Loundes, Okefenokee. 

POTTIACEAE 

Barbcla Cri'geri Solid. Grady, Dougherty. 

Tortella ncMiLis (Hedw.) Jeuninjrs. Bibb. 

ToRTrL.\ pagortm (Milde) DeXot. Applinjr, Bibb, Chatham, h^mamiel, 
Jefferson, Liberty, Macon, Riehmond, Sumter. Toombs. 

Wkisia viRiDi’L.v Hedw. Grady, Thomas. 

0KIMMIA(’EAE 

PTYriiOMiTRiCM I)r\'.M MONDU Sull. tliatliam, Richmond, Thomas. 
pTYciioMiTKirM iNci’KvrM (Mulilenb.) Sull. Richmond, Tatnall. 

KPUEMEKA(’EAE 

KlUiEMERl M MEGALOSPOin M (Aiist.) Saliii. Bibb. 

RpnEMEHm sERKATr.M (Hcdw.) Hampe. Sumter. 


Fr.\ A RIAC’EAE 

Ffnahia flavicans Mx. Glynn, Richmond. 

FrxAKiA hvgk()Mb:tuica Hedw. var. patfla Bry. Kur. Ware. 

Ffnaria sekrata Brid. Bibb, Chatham. 

PuYscoMiTRiFM Ti RBiNATi M (Mx.) Brid. Chatham, Riehmond, Ware. 

splachnaceae 

Tetraploih)N pENSYLVANicrs (Brid.) Grout. Clinch, Colipiit, Ware. 

EKPODIACEAE 

Solmsib:lla biskriata (Aust.) Steere. Riehmond. 

ortiiotri(uiacb:ae 

S<uiia>tjieimia Sfllivantii C. Miill. Brooks, Charlton, Effinp:ham, 
Grady, Thomas. 
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bartramiaceae 

Philonotis longiseta (Rich.) E. 6. Britton. Thomas. 

Philonotis GLAUCESCENS (Homsch.) Paris. Grady, Thomas. 

bryaoeae 

Bryum argenteum (L.) Hedw. Daugrherty, Grady. 

Bryum capillare (L.) Hedw. Okefenokee. 

MINACEAE 

Mnu^m affine Bland. Thomas. 

rhizogoniaceae 

Rhizogonium spiniforme (Hedw.) Bruch. Grady. 

hypnaceae 

Amblystegium varium (Hedw.) Lindb. Doujilierty. 

Brachythecium salebrosum (Web. & Mohr) Bry. Eiir. Tliomas. 
('AMPYLiUM cHRYsopiiYLLUM (Brid.) Bryhii. Grady, Richmond. 
Chamberlainia acT'MInata (Hedw.) Grout. ChattahoocluH*. 

Climacium Kindbekgii (Ren. & Card.) (Jroiit. Wayne. 

Entodon Drummondii (Bry. Eur.) Jaeger & Sauerb. Thomas. 

Entodon seductrix (Hedw.) 0. Miill. Dougherty, Glynn, Grady, 
Thomas, Wayne. 

Eurhynchium HiANS (Hedw.) daejrer & Sauerb. Dou^lierty. 
Euriiynchium Rappit (Williams) Grout. Grady. 

Eurhynohittm serrulatum (Hedw.) Kindb. Loundes, Thomas. 
Homalotheciella PABROFOLTA (Grout) Broth. Berrien, Thomas. 
Homalotheciella sUBCAPiLLATA (Iledw.) Card. Sumter. 

TIypni^m oupressiforme Hedw. Thomas. 

Hypnx^m Patientiae Lindb. Thomas. Wayne. 

Hypnttm pratense Koch. Wayne. 

Leptodictyum riparium (Hedw.) Warnst. Grady, 

Mittenothamnium DiMiNTTTiVUM (Haiupe) E. G. Britton. Grady. 
Plagiothecium GEOPiTiLT’M (Aust.) Grout. Decatur. 

Plagiothecium micans (Sw.) Paris. Berrien, (.'harlton, ('office, Grady, 
Loundes, Randolph. Sumter, Thomas, Ware. Wayne. 

Rhynchostegiella georgiana Dix. & Grout. Bibb. 

SciAROMiuM Lescurit (Sull.) Brotli. Grady. 

Sematophyllum adnatum (Mx.) E. G. Britton. Charlton, Coffet*, 
Grady, Loundes, Mont^romery, Sumter, Tatnall, Thomas, Okefenokee. 

LESKEAOEAE 

Anomodon attenuates (Hedw.) Hiiben. Doujyherty, Thomas. 
Anomodon minor (Beauv.) Lindb. Dou^rherty. 

Haplohymenium triste (Cesati) Kindb. Doujrherty, Grady. 

Leskea at;stralis Sharj). Douj^herty. 

Thelia asprella Sull. Coffee, Tatnall, Taylor. 

Thelia hirtella (Hedw.) Sull. Douprherty, Grady, Loundes, Tliomas, 
Wa>Tie. 
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Thitidium DELiCATULUM (Hedw.) Mitt. Grady, Thomas. 

TnuiDiuM MiCROPHYLLFM (Iledw.) Bcst. Grady. 

LEI^CODONTACEAE 

Forsstkoemia TRTCHOMiTRiA (Hcdw.) Liiidb. Grady, Thomas. 
Forsstroemia TRicnoMiTRTA (Hedw.) Liridb. var. immersa (Sull.) Lindb 
Grady, Okefenokee. 

CHRYPHAEACEAE 

Crypiiaea glomerata Schimp. Richmond, Sumter. 

FABRONIACEAB 

(vLASMATODON pARVFLi s (llampc) Sull. Chavltoii, Grady, Thomas. 
Fabronia Ravenelii Sull. Richmond, Thomas. 

SoHWETsniKEOPSis denticttlata (Sull.) Broth. Thomas, Okefenokee. 

FONTINALACEAE 

Braciielyma ROBrsTFM (Card.) E. G. Britton. Colquitt, ^Jefferson, 
Laurens, Miller. 

Braciielyma scbclatcm (Beauv.) Schimp. Chatham, Wayne. 
Fontinalis DiSTfCHA llook. & Wils. Wayne. 

Fonttnalis Sttllivakti Lindb. Grady. 

Foxtinalis i>alt(^\rli('a Bry. Eur. Dou<»‘herty. 

Sr»HAGNACEAE 

Spiiagnem ( rspiDATCM Khrh. var. serrt’LATT’m Sehlieph. Charlton, 
Clinch, Dod^e. 

Spiiagntm cyclophyllt’m Sull. & Lesq. Sumter. 

Spiiagntm henryense Warnst. Charlton. 

Sphagni^m macuopuyllcm Bernh. Charlton, Sumter. 

Spiiagncm magellanicpm Brid. Charlton. AVare. 

Sphagnum I’Alustre L. (’hathain. Coffee, Decatur, Richmond, Screven, 
Sumter, Tift. 

Sphagnum }H)ktokicense Ilampe. Charlton. 

Sphagnum recurvum Beauv. Brooks, Coffee, Laurens, Randolph, Rich¬ 
mond, Ware. 

Sphagnum strictum Sull. (’harllou, Dodjre, AVare. 

Sphagnum subsecundum Nees. Brooks. 

Florida State (’olleoe for AVomen 
Tallahassee, Florida 
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THE EFFECT OF COLCHICINE AND ACENAPHTHENE IN 
COMBINATION WITH X-RAYS ON PLANT TISSUE—III^ 

Michael Levine 

ACENAPHTHENE 

In another study made on the root-tips of the Yellow (llobe^^ variety of 
A. a pa the effeets iiiduced by exposures to aeenaphthene were examined. 
This substance has been reported by Kostoff (19.‘18a, b, e) and others as hav- 
inj; an effeid on uuelear divisions similar to if not jrreater than that of colehi- 
ein(^ It seemed of interest to study the effect of this chemical on jrrowth and 
to determine its value in (‘ombination with x-rays. Several experiments with 
this a^^ent were made concurnuitly with the colchicine studies. In one experi¬ 
ment 12 bulbs were «rerminate(l for 8 days and then placed in a saturated 
solution of aeenaphthene f(»r 48-50 hours. The root-tips were irradiated with 
OOOi* and then returned to water. Non-x-rayed a(‘enaphthene-treated bulbs 
and a few chemi(‘ally untreated ones were ke])t as controls. The treated bulbs 
were studied microsco[)icalIy aft<T their return to water for 13 days. A study 
of the acenaphthene-treated bulbs showed that the swellin<rs induced by this 
chemical after an ex[)osure of 48 liours were slight, and in most of these ex- 
])eriments the roots failed to retain the liypertro])hies after the bulbs were 
returned to water for three or four days. Sections of these root-tips were 
studied and brief refei*ence will be made to these preparations below. In both 
the acenaphthene-treated controls and the acenaphthene-x-rayed bulbs many 
of the roots became water-soaked and flaccid, althoujrh it appeared that new 
roots had be(*n forme<l (fijr. (i). Outjrrowths of tlie 48-hour-acenaphthene- 
x-rayed roots were small and became completely arrested (bulbs 21, 29, 30) 
five days after tlieir return t(» water, while the bulbs treated with acenaph- 
thene alone (bulb 9) showed marked <j;rowth, although the swellinfi:s on the 
lonjr roots were barely distinjiuishable. (V)m])ared with those obtained with 
(‘olchiciue at the concentrations used here, the reactions were much slower 
and weaker. 

In another experiment fifteen onions were jrerminated in water for seven 
days, after which six were placed into 0.01 per cent solution of colchicune, six 
ill a saturated solution of aeenaphthene, and three Avere chemically untreated. 
After 48 hours of exposure to the substances, the roots of three bulbs from 
each ^roui), with two of the untreated bulbs, were irradiated with 3000r. All 
the bulbs in the series were then returned to water. Samples from eacdi ‘?roup 

1 Pri'vious jjurts of this study aj^pCJiivd in Bull. Torrey C-lub 72: 563-574; 73: 34-59. 

167 




168 


BULLETIN OF THE TORREY CLT'B 


[VoL. 78 


were photographed after their return to water (fij?. 37). Bulb 3 was colehi- 
cinized and irradiated, bulb 6 was eoleliieinized only, and bulb 13 was irradi¬ 
ated only. Bulb 11 was immersed in aeeiiaphthene and irradiated, bulb 9 was 
treated with aeeiiaphthene only, while bulb 15 was untreated. The irradi¬ 
ation was administered, as already* described, for 30 minutes at lOOr per 
minute. 

A comparison of the colchicine-treated and acenaphthene-treated bulbs 
six days after their return to water (bulbs 6, 9) showed strikingly the dif- 
fereiK'C in effect produced by these substances under similar conditions. Tlie 
terminal outj^rowths from the diminutive hypertrophies on the acenaphthene- 
treated roots were longer than those on the eoleliieinized bulbs; secondary 
roots were formed from both. 

The j?rowth-retardin<jr effects were more pronounced after colehi(*ine-irra- 
diation treatment than after acenaiihthene-irradiation. Considerable elonga¬ 
tion of the root-tips occurred after the latter treatments (('onipare bulb 3 
with 11) when the bulbs were returned to water for 6 days. The roots on tin* 
irradiated control bulbs (bulb 13) elonj^ated slijilitly and some sei'ondary 
roots were formed. The water controls jrrew actively and formed numerous 
secondary roots (bulb 15). It appears obvious that acenaphthene is not so 
active as colchicine as a “tumor’’-producinjj: agent. The hypertrophies an* 
small, but the division stages appear to be as numerous in both tyjies of 
chemical treatment for a given exposure. The ac'cnaphthene activity seems to 
be limited by the insolubility of the compound. Levan (1940) reached a sim¬ 
ilar conclusion. The need for covering the roots with the crystals before any 
gross visible action is induced detracts from the usefulness of this agent in 
these studies. 

Microscopic studies made of this series of root-tips confirmed the obser¬ 
vations reported above. In root-tips taken from bulbs irradiated with 3000r 
after acenaphthene and returned to water for 13 days (fig. 38) the meristem 
was reduced in volume. It was rei)resented only by a small collection of 
embryonic cells. A comparatively thick layer of collapsed cells covered the 
remaining terminal portion of the root. Tlie terminal cells were empty. Tin* 
plerome tissue was well differentiated and contained a number of viable cells 
in division stages. Normal sj)iral vessels were found in this tissue. The cor¬ 
tical cells api)eared normal and well differentiated, lloot-tips from the irradi¬ 
ated colchicinized bulbs showed more intense destruction than in the irradi¬ 
ated controls. The cells were more mature and larger, nuclei were densely 
stained although some appeared well differentiated. The number of viable 
cells appeared to be smaller (fig. 39). More empty, highly vacuolate cells 
were found in the cortical parts of the root. The number of cells in tlie re¬ 
mainder of the meristem was small. Spiral ve.ssels were not (common but 
present. Cytologically, the acenaphthene-treated and irradiated (3000r) 
root-tix>s appeared much like the root-tips irradiated only. 
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In another experiment the effects of eolehieine and 1500r were contrasted 
with those of aceiiaphthene and 150()r. The root-tips of 15 onions of the 
‘‘Yellow Globe'^ variety were used. Six bulbs were exposed to colchicine, and 
six to a saturated solution of acenaphthene for 48 hours and three were 
chemically untreated. Seven of these bulbs (3 colchicine, 3 acenaphthene, 1 
untreated) were irradiated with 150()r. After the irradiation, all bulbs were 
returned to water. The colchicini/ed bulbs recovered; new outjrrowths ap- 
])eared from the bulbous tips together with many secondary roots. The root- 
tij)s of the colchicinized and irradiated plants made no outgrowths or little 
protuberances from the hypertro])hied tips; no secondary roots were formed 
(fig. 40). The root-tips treated with acenaphthene for 48 hours and irradi¬ 
ated (1500r) resumed growth after having been returned to water for six 
days (fig. 40, bulb 25). This growth was not strikingly less than that of the 
acenaphthene-treated bulbs without irradiation (fig. 40, bulb 23). The hyper- 
tropl»i(*s were small and in both series were barely perce])tible after their 
removal from water. It seems that the injury here was considerably less than 
with the colchicinized-irradiati*d root-tips. The acenaphthene-treated and 
irradiated root-tips resembled more closely the root-tips which were irradi¬ 
ated only (fig. 40, bulb 28). A com])arison between the colchicinized-irradi- 
ated and acenai)lithene-treated and irradiated root-tips showed unquestion¬ 
ably that tile former treatment decayed and impaired growth more actively 
than the latter. The roots of the non-irradiated non-chemically treated plants 
(fig. 40, bulb 29) appeared longer than the others, they had been growing in 
water for 16 ilays. 

Microscopical examinations of these chemical-treated root-tips were made 
immediately before and after irradiation and after their return to water. 
The observations on these colchicine-treated bulbs were similar to those 
described abovi*. The (-olchic'inized-irradiated roots, examined 11 days after 
their return to wat<M‘ showed s()m(‘ destruction of their iR'ripheral tissues, 
yet a center of viable meri.stematic cells was always present. In contrast with 
this stage the irradiated but chemically untreated root-tips were normal in 
structure four days after their treatment. Some cells were in division stages 
and no visibh* iinjiairment of structure or function was seen (fig. 41). When 
roots from the.se bulbs were examiiuHl micro.scopically 11 days after their 
return to water, they had few dividing cells. Many peripheral cells were 
(‘inpty and the walls were deeply stained. The nuclei afipeared to be con¬ 
tracted, although clearly differentiated. 

A number of fixations Avere made from the root-tips of acenaphthene- 
treated bulbs (fig. 40, bulb 23). Metaphases were abundant and resembled 
those induced by colchicine (fig. 42). The cells, however, were little hyper¬ 
trophied, which was in accord with the macroscopic findings. Four days after 
their return to water, the acenaphthenized-irradiated bulbs showed few, if 
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any, aberrant chanp:es (%. 43). The nuclei were in restin^^ staji:es. Trrejru- 
larly reconstructed or lobulate nuclei Avere not found. The effects observed 
in these preparations were less strikinj^ly aberrant than those observed in 
colchicinized and 1500r treated roots after their return to water for the same 
period. 

Combined colchicine and x-rays were more injurious than either acenaph- 
thene aiul x-rays or x-rays alone. The effects produced by acenaphthene and 
x-rays combined were little different from those chancres induced by x-rays 
alone, f^roni these experiments it appears that the colchicine at the concen¬ 
tration and with the len<>^th of exposure used has some toxic effects; vvliich, 
when followed by irradiation, produce permanent chanjjres and lead to com¬ 
plete gfrowth inhibition and possibly hasten destruction. Acenaphthene in¬ 
duces mitotic stasis and seems to contribute little to the effect induced by 
x-rays. 

THE EFFECT OF LONG PERIOI>8 OF GERMINATION 

It Avas pointed out that the onions used in tlie (‘olchhdne-x-ray studies 
described above Avere j^(*rminated in Avater from 3 to 12 days. At this time 
the roots had attained an avera<»:e length of 3-4 cm. In the majority of ex¬ 
periments, the bulbs were kept in Avater for eijrht days l>efoi*e they Avei*e 
transferred to the colchi<dne solution. It was important to determine whether 
this period of germination influenced recoA'ery from colchicine treatment. It 
Avas necessary to determine the effect of prolonged jiTOAvth in water on the 
production of the colchicine tumors and on ri'covery. The effect of proloiifred 
treatment Avith 0.01 per cent solution of <*olchicine on root-rec(wery was 
studied. The outjrrowth from the hypertrophied root-tips which ap])eared in 
24-96 hours after colchicine exposure Avas used as one of the criteria of re¬ 
covery and viability. Forty onions of the ‘‘Yellow (llobe” variety Avere 
selected at random. Their weights A^aried from 70 to 140 These bulbs Avere 
set in black-coated ^lass cylinders filled Avith tap Avater on Sept. 26, 1941. 
These bulbs Avere examined daily, and the cylinders were rinsed daily in hot 
Avater and refilled Avith cool tap Avater. 

Bulbs 1-16 Avere kept in Avater for eif»ht days (table 1) and then trans¬ 
ferred to other cylinders filled with 0.01 per cent aqueous solution of colchi¬ 
cine. Bulbs 17-32 were grouped in })airs and kept in water for 12 days. Be¬ 
ginning at this time a pair of bulbs was transferred to the colchicine solution 
on each succeeding day until the exposure to colchicine A^aried from 1 to 14 
(lays. After a given colchicine exposure, the bulbs were washed and returned 
to fresh water. Bulbs 33-40 inclusiA^e were grown in water uninterruj>tedly 
during the time. The number of roots produced by each bulb was not counted 
but A^ariations were observed. All the colcliicdne-treated bulbs produced 
hypertrophied root-tips. These bulbous tips varied in size in proportion to the 
cross section of the root-tip. The roots Avhich Avere grown in water for 15-19 
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days before colchicine was applied formed long attenuated roots; their col- 
chiciiiized root-tips were small, thin spindle-shaped swellings. When the eol- 
chicinized bulbs, 1-16, were returned to water, the resumption of growth 
from the bulbous tip occurred in all but two. These were bulbs 10 and 11 
which M’cre in colchicine eight and nine days respectively, hi the entire series, 

TABLE ]. TiahilUy of roofs of Allium cepa var. Ttilow Globo as affected by du¬ 
ration in water and length of ejtposure to 0.01% aqueous solu. of colchicine^ recovery tested 


by return to water. 







Growth of tip resuuKjd 

Bull) number 

lu water, days 

In colchicine, days 

in water after col- 


chicine, days 

1 

8 

4 

±36 

o 

8 

4 

± 8 

:i 

8 

5 

4^ 6 

4 

8 

5 

± 6 


8 

6 

±10 

(> 

8 

6 

+ 6 

7 

8 

7 

4- 6 

8 

8 

4 

± 6 

9 

8 

8 

± 4 

10 

8 

8 

-16 

11 

8 

9 

-16 

12 

8 

9 

-f 4 

i:t 

8 

10 

±10 

14 

8 

10 

± 7 

If) 

8 

i 11 

4- 9 

16 

8 

! n 

± 8 

17 

12 

I 12 

1 4- 9 

18 

12 

; 12 

-^10 

19 

13 

! 

± 8 

20 

13 

1 1- 

± 6 

21 

14 

1 12 

± 7 

‘*2 

14 

12 

± 7 

23 

15 

13 

-13 

24 

15 

13 

4- 4 

25 

16 

14 

± - 

26 

B) 

14 

4- 2 

27 

17 

3 

4- 8 

28 

17 

3 

4- 8 

29 

18 

*> 

-14 

30 

18 

o 

-14 

31 

19 

1 

4- 2 

32 

19 

1 

-14 


- No rosimiptioii of growth. 

± Outgrowth from tuilbous tip. 

six bulbs failed to show re<'ov(*ry; bulb 23 which was in water for 15 days 
and in colchicine for 13 days showed no outgrowth from the bulbous ti}) 13 
days after it had been returned to water. Of the six bulbs 27-32, retained in 
water for 17-19 days followed by a short exposure of colchicine, three failed 
to resume growth. These roots appeared to be viable. While their growth 
a(divity Avas not measured it Avas apparently little. Secondary roots had 
already formed on these plants before they w’cre placed in the eolchieiue. 
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When plants 1-16 were disearded on Oct. 28, only bulb 12 had produced 6 
leaves. The bulbs at that time were all firm and free from any visible mycotic 
disease. Most of the bulbs had new roots while bulb 10 was poor in that 
respect; its lonpfest roots were 7 cm. and no secondary roots had been formed. 
Bulb 11 produced a moderate number of roots which attained a length of 
15 cm. Bulbs 17 and 18 were discarded on Nov. 2. No leaves had been pro¬ 
duced b.y then; the length of the p:realer number of their roots measured 15 
cm. The remaining? bulbs were discarded when they had remained 14 days 
ill water after the colchicine exposure. The bulbs were firm and had a mod¬ 
erate number of roots, some of which had produced a number of secondaries. 
No leaves were formed. On Nov. 6, 1941, the control bulbs were firm and 
had no leaves. They all had lon^' white roots with an abundaii(*e of secondary 
ones. The len<rth of the jrreater number varied from 15 to 115 cm. The capacity 
of these bulbs to form roots was tested by removin<»: all the roots and replac¬ 
ing them in water. A new crop of roots was formed and maintained their 
growth to Dec. 12, 1941, when the experiment was discontinued. 

THE EFFECT OF LONG PERIODS OF COLCHICINE 

In another experiment 24 bulbs of the same variety were* kept in water 
from 8 to 28 days. Beginning with the 9th day, two bulbs were exjiosed to 
colchicine; on the 12th day two more bulbs were transferred to colchicine, 
and on successive alternate days the .same treatmeni was given to two more 
bulbs (table 2). Those bulbs that were kej)t in water for a short period were 
given long exposures to colchicine. Long exposures to water were accompanied 
by short treatments in colchicine. The results showed clearly that the roots 
exposed to 0.01 per cent colchicine from 15 to 20 days failed to resume 
growth. The hypertrophied root-tips remained macroscopically unchanged. 
The roots, however, were not dead, for secondary roots appeared on all 
bulbs, from two to three days after their return to water. In the tests in 
wdiich the bulbs w^re kept in w^ater for 20-28 days and exposed to cohdiicdne 
2-12 days, the growth of the hypertrophied tips began in from one to three 
days. Bulbs 23 and 24 had lung attenuated roots with small hypertrophies. 
The bulbous tips had apparently very little growth-jiower and showed only 
slight elongations of the tips two w^eeks after they had been returned to 
w'ater. Secondary roots, wdien immersed in colchicine, formed hypertrophies 
too, proportionate to their diameters. 

It is evident that the solution of colchicine used in the above experiments 
and the period of germination used before microscopical studies were made, 
had no effect on the viability or the growth-capacity of the roots. It is evi¬ 
dent, too, that while colchicine inhibited growdh, some toxic invisible effects 
w^ere produced in addition to those w^hich interfered wdth spindle formation 
and regular chromosome division. Exposure to colchicine for more than 12 
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days inliibited jirowth of the root. The ahility to form secondary roots was 
not distiirhed. 

A study of tliese hulhs was made to determine the effects of 0.01 per cent 
aqueous solution of colchicine on the number of the roots produced durinjr 
treatment anil after their return to water. The number of roots was counted 
at four periods (table 3) ; at the end of eif>:ht days of ffermination, immedi¬ 
ately before exposure to colchicine, immediately after exposure, and finally 

TAUIjE 2. Viahility of roots in Allium cepa var. Yellow Gloh( as affected by dur¬ 
ation in water and length of exposure to 0,01% agneous soln. of colchicine^ recovery tested 
by return to water. 





Growth of tij) 

Secondary roots 

Bulb 

fn Avnter, 

1 11 eolehiciiie, 

resumed in 

formed in water 

number 

<L*iy8 

days 

water after 
eolehieiiie, days 

after eolehieine, 
days 

2 

S 

2i> 

~ 14 

SR + 3 

;i 

8 

2(» 

-14 

SR + 3 

4 

12 

18 

-14 

SR f 2 

i) 

12 

IS 

- 14 

SR + 2 

7 

14 

17 

- 14 

SR+ 2 

S 

14 

17 

-14 

SR+ 2 

1(1 

SR lb 

\o 

-14 


11 

SR lb 

15 

- 14 


12 

SR lb 

! 15 

-14 


i:i 

SR 18 

14 

+ 4 ! 


14 

SR 18 1 

i 14 

-14 


lo 

SR 2b j 

1 12 ; 

-14 


p) 

SR 2b i 

; 12 1 

+ 3 


17 

22 ! 

lb i 

1 ± 5 

SR 4 2 

J8 

oo ] 

lb 1 

1 + 3 

SR 4-2 

la 

SR 24 i 

b 1 

+ 1 


20 

SR 24 

0 

+ 4 


21 

SR 2b 

4 

3 1 


22 

SR 2b i 

4 

+ 4 1 


23 

SR 28 i 


+ 14 i 


24 

SR 28 

! 2 

14 1 



f-of ))ulh()iis root tip. 
± ()utjifr<»\vth from tmlhous tip. 

~ Xo n't'ovory. 


14 days after return to 'water. The weights of the bulbs 'were determined 
before the experiment be^»‘an, but the number of roots formed after the 
ei<j:ht»day ])eriod sliowed tJiat this factor inflluen(*ed root“])roduction little. 
Bulbs 11, ]2, and Bh for instanct*, weijrhed 70 jr. before exposure to water 
and produ(*ed dO, 05, and 70 roots respectively after ei^ht days. Bulb 24 
weighed 90 and ])roduced 40 roots in the same period. Marked variations 
were recorded at the period before the bulbs were immersed in colchicine. 
Bulb 22 produced 44 roots durinjr the first eifrht days, while after 26 days, 
before the colchicine was used, it had 101 roots. In nearly half the bulbs an 
increase was shown in the number of roots after the colchicine exposure. The 
increase in root numbers was beyond the ranjre of error. Tn 18 bulbs, ther 
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was no change or a slight decrease in the number of roots. On bulbs 8, 15, 
16, and 21 there was a considerable decrease in the number of roots. This 
may be attributed to the death of the root followed by complete disiutegra- 

TABLE 3. The effect of 0,01% aqueous soln. of rolchiciue on the numher of roots of 
Allium cepa var. Yellow Globe, 

N—new T—turgid F—flaccid Fx—fixed 


Number of roots 


Bulb 

number 

In water 

Ill colcliiciiie 

1 

14 days in 
water after 
eolcbicine 

Analysis 

N T V F; 


days 

8 


20 






1 



39 


66 

59 1 

k) 

45 

6 

6 

0 



37 


43 

41 

8 

20 

12 

1 

3 



26 


52 

63 

4 

55 

.> 

k) 


days 

8 

12 

18 






4 



40 

40 

40 

j 48 

13 

k>k> 

9 

4 

5 



43 

43 

58 

1 46 

5 

37 

4 

0 


days 

8 

14 

17 






1 



39 

44 

58 ' 

57 

2 

40 

13 

k> 

8 



25 

43 

33 1 

50 

1 15 

32 

3 

1 


days 

8 

16 

16 






1(» 


j 

30 

40 

46 1 

52 

0 

29 

21 


11 



30 

37 

37 

37 

3 

31 

k> 

1 

12 



65 

93 

93 

93 

n 

60 

26 

6 


days 


18 

14 






13 




70 

68 

1 76 

k) 

1 

65 

8 

1 

14 




67 

95 1 

! i 

4 

67 

8 

1 


days 


20 

12 






15 




56 

1 38 i 

38 

6 

17 

15 

0 

16 




38 

! 1 

28 

0 

>)kj 

6 

0 


days 

8 

22 

10 






17 



40 

47 

49 

61 j 

17 

38 

li 

0 

18 



28 

48 

L.__ 

!_._.J 


29 

3 

.> 


days 

8 

24 

' 6 






19 



22 

54 

1 56 

66 

15 

48 

o 

1 

20 



66 

95 

97 

90 

3 

70 

12 

5 


days 

8 

26 

4 






21 



55 

oo 

51 1 

59 

12 

26 

15 

6 

22 



44 

101 1 

102 i 

96 1 

0 

74 

19 

.3 


days 

8 

28 







23 



48 

62 1 

62 1 

64 

7 

46 

8 

3 

24 



40 

78 1 

1 1 

66 

1 I« 

37 

9 

2 


tion due to other factors and not to colchicine only. The count made 14 days 
after the bulbs were returned to water showed some variation; eight bulbs 
showed an increase in the number of roots formed. An actual number of 
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viable roots would include the new roots, the turgid long roots, and those 
fixed for microscopic examination. The number of flaccid, water-soaked roots 
varied from 2 to 26 roots jxt bulb. The number of new roots formed varied 
from 2 to 18. It was clear that the long exposure of the roots to water ^vith 


TABLE 4. Viahilily of roots of Allium cepa as affected hy duration of exposure to 
0,01% aqueous soln. of colchicine followed hy x-rays and return to water, 

Bu 11)8 w(‘r(' grown in water for 8 days before treatments })egan. 


Bulb number 

In colchicine, 
hours 

Secondary root 
formation, days 

Growth from 
bulbous tip in 
water after 
colchicine, days 


Group A 1500r var. Yellow Globe 


25 

18 

23 

■f 2.1 

26 

18 


-f 21 

27 

18 

18 


28 

18 i 


+ 21 

29 

18 


+ 21 

no xr 30 

18 

8 

■^21 

no xr 31 

18 

10 

±24 


Gron]» B 1500r vai*. Yelhnv GIoIk* 


33 

36 


1 T 27) 

34 

36 


1 

35 

36 


1 - 21 

36 

36 


! + 21 

37 

! 36 


+ 21 

710 xr .38 

36 

20 

+ 21 

no xr 39 

3.6 

20 

! 


Group A ir)(>0r var. Brigham Yellow Globe 


1 ; 

48 


K- 

*1 

48 



3 

48 

1 

E- 

4 

i 


1 

6 

48 



no xr IS 

48 

1 

1 ± - 


Group P> 3000v var. Brigham Yedlow Glol>e 


7 

48 


i 

8 

48 



9 

48 



n 

48 



12 

48 


-- 

no xr 14 

48 

4 

± 3 


f Slight extension of root from bulbous tip. 

± Continued outgrowtli of root from bulbous tip. 

- No outgrowth from bulbous root-tip, 30 days. 

E Extension and elongation of root ti])s. 

short exposure to colchicine had no more effect on the number of roots pro¬ 
duced than long exposures in colchicine cou)>led with short exposures to 
water. The number of roots produced by a bulb is probably a genetic factor. 
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Colchicine, in the concentration used, inhibits gfrowth, and water restores 
this growth ability. 


VIABILITY OF ROOTS AFTER COLCHICINE AND X-RAYS 

The roots ot* the Yellow’ GJobe^^ and the ^‘Brigham Yellow Globe^’ 
varieties were also studied as to their ability to recover from the (colchicine 
and x-ray treatments. The bulbs were germinated for eight days and then 


TABLE 5. The mnnher and length of roots of Allium ccpa var. Yellow Globe before 
and after exposure to aqueous soin. of colchicine and x rays. The bulbs were plaad 

hi water on 11.3A1. Group A was exposed to colchicine on 11.11.41 for IS hours; irradi¬ 
ated on 11.12.41 and returned to water. Group B was exposed to colchicine on 11.11.41 for 
36 hours; irradiated on 11.1S.41 and returned to water. 

v' —colchkine—18 hours —colchicine—3(i hours x—irradijition hlOOr 11 min. 

T—turgid F—flaccid Fx—flxod 




Number of roots 

1 

Maximum length of roots 

Bulb 

number 

treatment 

8 days 
in water, 
cm. 

8 days after 
colcliicijie 
jind irradi' 
at ion, cm. 

27 days after 
colchicine 
and irradi 
ation, cm. 

T F Fx 

After col' j 
cliiciue, i 
before | 

iradiation, i 
cm. j 

22 days 
after 
colehicine 
and 

irradiation, 

cm. 

30 days 
after 
colchicine 
and 

irradiation, 

cm. 

Group A 








6x 

35 

1 42 

33 

9 7 

11,5 

12 

13.5 

?>2x 

44 

1 36 

48 

10 13 

11 

11 

11 


37 

1 53 

64 

3 3 

11 ! 

12 

16 

26c’x 

26 1 

27 

36 

4 2 

11.5 

10 

9 

27cex 

35 

I 67 

44 

4 8 

15.5 

16 


28<Cx 

47 

55 i 

60 

2 12 

12 

13 

' 15 

29c'x 

33 

33 1 

39 

4 4 

: 14.5 

13 

j 14 

80c’ 

36 

49 

37 

8 5 

13.5 

18 j 

19.5 

31 c^ 

34 

46 

i 89 

2 5 1 

I 

19 ' 

20 


Group B 


7 days 

26 day 

s 


21 days 

29 day 

9x 

35 

27 

33 

7 

18 

13 

15 

15 

40x 

66 

81 

07 

6 

14 

19 

20 

18 

33c^ 

72 

71 

8g 

9 

7 

12.5 

32 

13 

34c=’x i 

25 

18 

15 

4 

5 

15.5 

16 

16 

asc-^ 

23 

25 

29 

4 

o 

13 

13 

1 13 

SOc^'x 

57 

59 

44 

3 

7 

13 

12 

33,5 

37c^x 

79 

69 

58 

11 

12 

9 

10 

11 

:ise^ 

75 

104 

98 

17 

6 

13 

15 

20 

39c= 

33 

36 

49 

4 

3 

11 

23 

28 


exposed for 18, 86, or 48 hours to colchicine, which was follow’ed by an 
exposure of 1500r or 8()00r (see table 4). The “Yellow’ Globe” exposed for 
18 and 36 hours showed some limited growlh of bulbous root-tips, w'hile the 
non-x-rayed bulbs showed more extensive growdh after their return to W’ater. 
The “Brigham Yellow Globe” exx)osed to (*olehieine for 48 hours showed 
some slight extensions or elongation of the bulbous tips after an exposure 
to x-irradiation of 15()0r but no growth or elongation was noted after 3000r 
exposure. These observations were made 80 days after their return to w’^ater. 
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A study was inado of the number and inaxinmm length of roots in the 
“Yellow Globe’’ and “Brigham Yellow Globe” varietit‘s. These results are 
tabulated in tables 5 and 6. On bulbs 6x and 32x (table 5, Group A) irradi¬ 
ated only with 1500r the longest roots did not increase in length, but the 
nuinb(T of roots increased. The colchicine and irradiated group, 25c^x~29c’x, 
recovered temporarily; the new outgrowths were small, most of them measur- 


TABLK 0. The nuniher ai\(l hiujth of tools of Allium cepa var. Brioham Yellow 
Globe before ami after exposure to 0.01% aqueous soln, of colchicine and x-rays. The 
bulbs were placed in water on 1 £. 10.41 : exposed to colchicine on l£.£7.il; irradiated on 
1 £.£ 9.41 and returned to water. 

c —('olcliiciiu*—48 liotirs x’—irradintion ir>00r—15 min. x"—irradiation 3CK)0r—30 min. 
T— turgid F— flaccid Fx— fixed 


Pmll) 

uumLor, 

treatment 

Xuniber of roots 

Maximum length of roots 

i 

8 diivs 
in 1 
water ! 

21 (lavs 

1 aftc*r 
i treatment 
! T F Fx 

1 

i 

8 days 
in 

water 

2 days 
after 

colchicine, i 
l)(‘fore ■ 
irradia- ; 
tion, cm. 

4 diiys 
after 
irradia¬ 
tion, cm. 

i 

12 days 
after 
irradia¬ 
tion, cm. 

! 

19 days 
after 
irradia¬ 
tion, cm. 

Jcx^ 

43 

i 39 0 3 

11 

11 

12 

10 

10 

2ex’ 

55 

37 15 7 

10 

11 

n 

11.5 

11.5 

Hex' 

fi'J 

40 4 7 

9 

10.5 

10.5 

9.5 

10 

4ex' 

50 

52 10 10 

13 1 

14 

14 

13.5 

14 

fiex» 

1>4 

14 8 2 i 

13.5 1 

15 

14 1 

12.5 

11.5 

r>x‘ 

23 

36 0 8 

11 

13.5 

16 i 

15 

12 

]<)X^ i 

23 i 

33 7 7 

10 

13.5 i 

13 

12 

13 

7cx= ! 

til 1 

25 30 3 

13 

12.5 

14 

13 

14 

Sex" 

31 1 

29 14 3 

14 

14 

15 

11 

11 

IH'X" j 

fi(i j 

34 9 20 

13 

14 

13 

12 

12 

11('X" 

62 i 

32 14 7 

10 

11 

11 

11 

11 

IlVx^ 

50 


10 

10 




13x" 

44 

14 IS 7 

10 

13 

10 

10 

10 

17x" 

24 

29 6 7 

13 

15 

10 

11 

10 

14e 

40 

46 S 8 ! 

12 

14 

15 

18 

18 

IHe 

46 i 

60 0 7 j 

14 

14 

14.5 

17 

17 

10 

11 i 


1 

12 

10.5 

12 


If) 

16 j 

24 5 0 

11.5 

14 

18 

16 

19 


ing 0.5 (‘in. or less. The bulbs 30c^ and 31c’ treated with colchicine showed 
greatei* increase in length and number of roots. The inhibiting influen(*e of 
the combined i‘ffects of <‘ol(‘hi('ine and x-rays was not entirely overcome even 
after 30 days in water. 

In Group B, 33c^x-37c'x, in which the colchicine treatment lasted 36 
Imurs and was followed by x-irradiation with ]500r, the number of roots 
increased slightly while the length of the largest roots increased little. On 
bulbs 9x and 40x, 26 days after their return to water, the number and length 
of roots increased. The bulbs treated with colchicine only (38c^ and 39c’^), 
however, showed the largest increase in number and lengtli of roots. 

Colchicine treatments which lasted 48 hours and were followed by irradi¬ 
ation of loOOr and 3()()0r were also studied and recorded in table 6. There 
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was a sli^?ht diminution in the number of roots after ttie treatment with 
colchicine and with the hijrher dosa^^e of x-rays. There aj)peared also to be 
a larf]?e number of flaccid roots in this f»:roup. Bulbs irradiated only, 5x^ and 
16x\ <?ained in number of roots, while 13x- showed a slij^ht decrease in the 
total number of roots present and bulb 17x^ showed a <»^ain. The colchicinized 
bulbs 14e, 18c, fiained in root number and root length. The roots of bulbs 
treated with colchicine and x-rays combined measured sli<rhtly less in length 
than the roots of the bulbs irradiated only. The latter ^^ained slifrhtly in the 
19-day period over the 12-day period, while with the lar}i:e dosajre of x-rays 
used, no increased ^rrowth was evident. This colchicine-x-ray jrroup lost 
length. In the above studies the loss in average length of root was due to the 
fact that the long roots, apparently the older ones, which were used as a basis 
for comparison, were the first to die. It seemed that the length and number 
of roots of bulbs treated with colchicine for 48 hours followed by irradiation 
with 3000r were impaired more by this treatment than by the x-rays alone. 

SUMMARY AND CONCLUSIONS 

1. The above report deals with the combined ctfect of a 0.01 per cent 
aqueous solution of colchicine and x-irradiation on the root-tips of Allium 
cepa, varieties ‘^Yellow Globe^’ ‘‘Brigham Yellow Globe.” 

2. Fifteen series of experiments were made, each using from G to 40 
bulbs. 

3. Tlie gross effects of tliis solution of colchicine on the root-tips of thes(‘ 
bulbs were studied and compared with microscoi)ic examinations after 
periods of exposure varying from G to 200 hours. 

4. The root-tips of onion bulbs Avere studied in the gross and microscoin- 
cally especially after 18, 24, 36, 48, 72, and 120 hours of exposure to colchi¬ 
cine of a constant conce])tration followed by ex])osures to one of three doses 
of x-rays, 900r, 1500r, and 3000r. The combined effect was studied shortly 
after irradiation and at A'arious periods after the return of the bulbs to 
water. Untreated colchicinized bulbs, and bulbs x-rayed only, were used as 
controls and studieil concurrently in each series of experiments. 

5. The effect of colchicine exposures for more than 48 hours followed by 
irradiation of 90()r j)revented growth of the root-tip,* 48-hour exposure to 
colchicine with loOOr induced similar results. Exposures of 48 hours com¬ 
bined with 3000r prevented further growth of the root-tip. With the shorttu* 
exposures to colchieiiie, 18, 24, 36 hour.s, and 150()r, the hypertrophied tips 
produced only a limited growth which became arrested from five to seven 
days after their return to water. 

6. Irradiation with 900r, ISOOr or 3000r impaired groAvth; the time for 
recovery was less than that required for the combined effect of colchicine 
and x-rays. 
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7. A study of length and number of roots of the bulbs treated with col- 
ehieiue for 18, 36, 48 hours followed by irradiations of 1500r or 3000r .was 
made. The viability of the roots was tested by returning them to water. Root- 
tips treated with eolehieine alone resumed growth in from 72 to 96 hours. 
Tliose irradiated only resumed {growth more slowly. The eolchicine-x-rayed 
roots failed to resume j^rowth. 

8. Exposure of the roots to the eolehieine solution for 28 days appeared 
only sli* 2 :htly toxie. The hypertroj)hies of the root-tip when returned to water 
still showed evidenee of reeovery by new ^rrowth from the small bulbous 
tips. Roots ^rowu in v^ater for lonj; periods and exposed for from 24 to 48 
liours in eolehieine reacted with hypertrophies proportional to the area of 
tlie cross section of the root-tip. 

9. (Vlolo‘»ieal stiidi(‘s of the root-tips were made of normal untreated 
roots from 3 to 12 days after exposure to water; from 6 to 200 hours after 
exposure to eolehieine; and after various periods which be^an immediately 
before their return to water and continued to 14 days after the colchicine 
and x-ray exposures were made. Root-ti})s inadiated only were fixed before 
and after the treatment. The fixations bejran from one to two liours after 
irradiation and at daily intervals tliereafter up to 14 days. The cytolofrical 
observations on tliese root-tips after colchicine combined Avith x-rays Avere 
consistent Avith the measui’ements made on root number and root len^jths. 
Tln*si‘ root-tips shoAV(‘d sloAver re(*overy as evidenced by feAver divisions found 
in these roots as (‘ompared with those x-rayed only. 

10. The cytolojrical jilienomena Avhich immediately resulted from the col- 
cl)i(*ine-x-ray treatments Avere more intensified clum|)in^^ fra^'mentation, and 
extrusi(»n of (diromosomes. There appeared to be some visible effects on the 
restinjr nuclei in that the chromatic material Avas distributed near the nuclear 
membrane leavin<r a (dear area about the nucleoli. Twenty-four liours after 
irradiation, no division stajres wei-e found. Three or four days after the treat¬ 
ment, tin* cells irradiated only bejran to divide, while those that received the 
cobdiicine and x-i‘ays combined showed fcAV nuclear ilivisions. The nuclei 
became homo^umeously stained; the meristem Avas interspersed Avith many 
liijrhly vacuolated cells. 

11. TJiese cytolojjfical studies do not favor the vicAv tliat the jrreatest num¬ 
ber of cellular injuries occurre<l Avhen irradiations Avere made at the time 
Avhen the metaphase stages were most abundant. Tlie colchicine appeared to 
sensitize the cells to x-rays at the time when nuclear reconstruction bejran, 
Avhich occurred about 48 hours after the exposure to colchicine Avas started. 

12. Onion i*oots covered Avith crystals of acenaplithene and exposed to a 
saturated solution of this chemical produced only small hypertrophies after 
48 hours and little or no jrross visible chanjres after shorter exposures. The 
effeets on nuclear and cell divisions, however, ap}>eared similar to those pro- 
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duc*ed by eolehicine. The eoiiibination of aeeiiaphthene and x-rays iu which 
900r, 1500r, and 3000r were used followed closely the results obtained with 
x-rays alone. 

13. ‘‘Colchicine tumors^’ arc not analo«oiis to animal neoplasia or plant 
overjifrowths induced by bacteria or jxrowth substances. 

14. The combination of an exposure of OOOr and a treatment with 0.01 
per cent aqueous solution of colchicine for less than 72 hours, or 1500r and 
48 hours of colchicine, are most effective hi arrestinjx growth of fundamen¬ 
tal plant tissues such as the root-tip of the onion. 

15. It is sugjxested that more intensive studies be made xvith this drug 
combined with x-rays on tumors of animals and man. The fact that some 
animal tumors and simple but normal jdant structures show delayed growth 
after such treatment makes it necessary to obtain suitable concentration of 
colchicine followed by a selective dose of x-rays which will tend to inhibit 
and to destroy cancerous tissue without interfering with normal life proc¬ 
esses of the host. 

Laboratory Division, Montefiore Hospital 
New York 
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REMARKS UPON CERTAIN HAWAIIAN LABIATAE 
AND COMPOSITAE 

Earl Edward Sherff 

In a recent issue of this magazine ( 72 : 25-30.1945), there appeared from 
St. John^s pen a contribution touching in great ])art upon certain Labiatae 
and Compositae that had been treated previously by me. Various assertions, 
these sometimes direct and sometimes by implication or innuendo, were made 
touching my monographic studies of Hawaiian plants. For thirty years (but 
more intensively for the past fifteen) T have taken an active interest in these 
monographic studies and have produced from time to time papers detailinsr 
their results. It now appears advisable, therefore, to set forth for future 
users of these results a somewhat detailed re{)ly to Dr. 8t. John’s ])aper. 
This indeed seems imperative in view especially of such words as; ^‘the now 
numerous, hurried revisions of Hawaiian genera by Sherff. These treatments 
and keys have proven to be the despair of students of the Hawaiian flora.” 
That these revisions are now numerous must perha])s be admitted, but is due 
in large part to the almost unparalleled cooperation of botanists and botani¬ 
cal institutiojis in Europe, the United States, and the Hawaiian Islands. 
The important specimens by Hillebrand, (laudichaud, Nuttall, Beechey, 
Chamisso, Rock, Paurie, Forbes, Degener, and practically all other collectors 
of Hawaiian plants were placed at my disposal, often for as much as from 
three to six years.^ To say that St. Jolin is warranted in termiiig these revi¬ 
sions “hurried,” however, Avould .seem to imply consideral:)le intimacy on his 
part with the conditioiis under which the work was carried on. This is the 
more surprising when we consider, that much of the time since 1929, when 
he first took up residence in the Hawaiian Islands, he has been removed 
several thousand miles from Chicago, the seat of my botanical activity. It 
seems preferable to believe, rather, that he has found himself vexed by the 
inadequacy of some of these revisions (surely some cannot be oth<u*wisc until 
our herbaria become more richly suyjplied with specimens) and accordingly 
used the first word that came to mind. It may be insisted before going 
further, hovwer, that the revisions were never ‘Muirried.” Fortunately, all 
of my Hawaiian researches have been privately conducted on my own time, 
with no compulsion or inducement from any outside source whatever to do 

J As illustrative of this cooperation, more than tAventy-five years ago Charles K. Forbes 
and his associates at the Bishop Museum in Honolulu assembled and sent to mo a vast 
collection of Hawaiian Bidens material, in which ten new 8T)ecie8 were found (cf. Field 
Mus. Hot. Ser. 16; 11. 1937). 
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a hurried^’ piece of work. Consequently, any matters observed or assumed 
by St. John to merit criticism in the finished product should be otherwise 
explained. Certain such matters will now be noticed. 

LABIATAE 

Under the new combination Stemgyne mollis (Sherff) St. John, is jyiven 
(p. 25) a discussion of the predecessor name S. rugosa var. mollis Sherff. 
Reasons are stated for elevating the variety to specific rank. Reasons for not 
doing so are omitted. To properly understand any of the latter that may 
exist, it should be remembered that the Hawaiian Islands are geographicallj" 
much isolated and in turn abound in individual, often very small localities 
of great i.solation. There is remarkable endemism. Many of the species 
studied by competent monographers have been found to have numerous 
varieties. Ofttimes these varieties, if viewed se})arately, will appear to be 
distinct species and indeed may differ mutually more than do some generally 
recognized species elsewhere. When all are assembled side by side, however, 
they are seen to form a very logical species-complex (“ Formkreis^^). It 
actually happens that in some cases important supravening, connecting links 
.setuu to have vanished in recent years from the Hawaiian flora ; at least they 
Jiave not been found for many decades and are known today only tlirough 
herbarium sj)e(*imens (K}<})horhia Rcmyi A. Cray ex Boiss., the species 
jiroper, and E. })iuliiformis H. & A., the species ])roper, being examples). 
One becomes sorely tempted to relegate such links to the realm of paleo¬ 
botany, and proceed with a fresh delimitation of species. He can seldom be 
sure, however, but what one or more of the lost (or .shall we say missing) 
links will yet be found to have esca})ed destruction and to have reappeared 
to ])ress its claims. In my own revisions of Hawaiian plants, 1 have chosen 
always to base .s])eeific and varietal concepts, therefore, upon the fullest 
assortment of s])ecimens to be had, regardless of whether or not they repre¬ 
sented entities known to be still living. 

To return to Sfcnogyne rugosa: After making virtually a monographic 
study of Sienogynr many years ago, Asa Cray (Proc. Am. Acad. 5: MS. 
1862) wrote of this species: “Variat, 1. fere omnino (corolla excepta) gla- 
berrima, iaevis, sen pedicellis calycibusque hirsutulis: 2. hirsutula vel his- 
pidula, folds nunc rugosis asperiilis; 3. pube brevi molli iiiduta, verticillastris 
6“10-floris.^^ It is the third form that was the basis of my var. mollis. The 
second form was referred by me (()]>. cit. 66) to rugosa proper. It Avas 
because of this somewhat intermediate^’ form's existence that I preferred to 
treat the third form not as a distinct species, but rather as a variety of <8, 
rugosa^ namely var. mollis.^ 

2 Intermediate a» to pubescence. 

Certain characters (of uniformity of pubescence, of ealyx lobe length and shape, 
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Tinder Sienogyne rugosa Benth., St. John places as synonyms /S\ rxigosa 
A'ar, s^nbulata Sherff and kmJM var. corimea Dejrener & Sherff, following 
these with a discussion. My own discussion now follows. In 1872, Wawra 
described 8. kaal^i^ (Flora 56: 556), although Thomas Nuttall had long 
before collected it on Oahu and given it the unpublished name, Phacopsis 
monfam (a specimen in Herb. Kew; cf. Benth. in DC. Prodr. 12: 556. 1848, 
nom. nud.). Hillebrand accepted Wawra’s species, and rightly so. Among 
other characters noted for it was the very exceptional one that the pedicels, 
when several at a node, were often joined in a short common pedumJe. 
Until the recent descriyition b^^ Degener of Sienogyne Shcrffii (Brittonia 6: 
58, fig. t. 1943), kaalae was the only species of Sienogyne known with this 
character. In the sister genus Phyllosiegia previously monographed by me 
(Bull. Bish. Mus. 136: 12-59. 1935), only the one species P. glahra, together 
Avith its A^arieties, was known with a like character (although recently a 
second such species has been described, namely P. Yanuiguchii Hos. & Deg.. 
Occas. Papers Bish. Mus. 14: 27-29, fig. 1. 1938). SomcAvliat ])rior to 1935. 
tAvo suites of Sienogyne specimens, Degetwr 5S71 and 5389^ Avere studied and 
found to display the axillary peduncles previously known in Sienogyne 
only for S. kanlae. These w(Te then named kcuilae var. coriaeea Degener 
& Shertf. In my monograph I cited a lone herbarium for each suite sin(*e 1h(* 
rest of the specimens had not yet been distributed b> Degener to other her¬ 
baria. Ill the place of official publication (Deg. FI. IlaAv. Isis. Sept. 13, 1935). 
liOAveA'er, it was stated that duplicates Avere “in the Degener Herbarium, in 
that of the Ncav York Botanical Garden, and in several other leadirig her¬ 
baria in America and Europe.”^ Hence it can be seen that tht‘re Avas more 
than pure caprice of fancy to dictate our treatment of the tAvo Deg(*ner suites 
as a A^ariety of S. kaalae. 

In making his interpretation of A^ar. coriacea, St. John apparently ovei’- 
looks not only the importance of the frequenily pedunenlale infloresrenee 
character but also the fact, clearly indicated long ago by Hillebrand and 
later by myself, that the number of flowers iier Avhorl is not constant. Thus 
Hillebrand wrote: “Verticillasters or Avliorls genevaliy [italics mine] 2-floAV- 
ered^’ versus “whorls generally [italics mine] 6-, but also 4-, 8-, or 10- 

etc.) stressed by 8t. John for his Sienogyne moUis fail badly on e.\tendt‘d exuniiiiation of 
speeirnena. 

It is interesting to note that as recently m 1943, Skottsberg, writing on Dr. Sven 
Ih'rggren^a collection of Hawaiian A’^ascular Plants (liot. Notis. 1943: 368), retained my 
mollis as a variety and described under it a new forma moUis.simn. Moreover, a plant col¬ 
lected by himself (his no. 021) and previously cited by me for the var. mollis^ was de¬ 
scribed by him (doubtless from a dupUcaic of the specimen actually studied by me) as 
*‘more like ordinary rugosa^’ in the ‘^texture of leaf and size of corolla.” 

4 Unfortunately tl»e artist who delineated the sketch for Degcmer^s Flora Uawaiiensis 
did not bring out the ]H*duncles clearly, although he did show one very clejnly on his 
original draft. 



3940] 


SIIERFP: HAWAIIAN PLANTS 


187 


flowered.EarJy in my study of Stemgyne it seemed that a key mij^ht be 
improved by avoiding: sueh a basis of separation, because of its lack of sharp- 
ness. As the investigation proceeded, however, it became obvious that Hillc- 
[)raiKrs method was probably as sound as w^ould be found in the preseni 
state of our knowlediore. AccordinjrJy it was adopted.^’ 

St. John’s reduction of m.y Stenogyne rugosa var. subulata to S. rugosa 
may be considered liere for the moment. S. rugosa was described by Bentham 
(Bot. lle<>:. sub pi, Tribe 6, num. 88. 1880) from Macrae’s plant (Kew) 
and the calyces W(‘re said to be acutely dentate (‘‘calycdbus aridis acute 
dentatis”). Bentham later (in DO. Pi’odr. 12: 556. 1848) had seen an addi¬ 
tional plant by Menzies and rewritten his description of the calyces to read, 
“4-5 lin. lon^d, dentibus ovato-laiiceolatis obtusis, 2 infimis brevioribiis sed 
])r()fundius flssis.“ He added that the leaves were oblong (“foliis . . . ob- 
lonjxis”). Ilillebrand (FI. Haw. Jsls. 855. 1888) excluded rugosa irom the 
portion of his k(‘y be<i:innin<i‘ “Oalycine lobes linear or subulate” but placed 
it rather under the tiortion be^dnnin<»‘ “(’alycine lobes not linear.” Hille- 
brand described (op. cit. 856) the leaves as “ovate to ovate-lanceolate” and 
ret'orded that the trailinji’ branches bore narrower leaves than did the erect 
ones. In my monograph (p. 66) I likewise described the leaves as “ovate to 
ovate-lanceolate.’' The calycine lobes 1 called “more or le.ss lanceolate” and 
“acute.” They should periui])s be described as “obtuse to acute'’ for some 
are indeed too broad to rank as acute. St. John finds fault with my key to 
the vari<‘tics and ends, as already stated, with rediieinp: var. suhulafa to 
synonymy with the species pro])er. Unfortunately he limits his basis of study 
to certain sj)e(*imens which 1 had cited for each entity. Not all of the material 

UndtT tli« first altcrruitive he keyed S. kaulcu^ and under the sei'ond, S. rugosa, 
rnfortunately, the peduncle eft on visible in S. kaalac and its variety can be noticed of 
course only in the cases that depart from the more cominoii oh(‘s by having 4 or even G 
flowers per A\horl. 

At one ])oint (p. -9), St. .John expands upon the art of making keys. We read: ‘^Tlie 
making of keys is an art, well mastered by some botanists but not by others. The excel- 
lenee of the key is a g<M»d t(‘st of the finished quality of taxonomic work.” Experienced 
irioiiograph(*rs will of eonrse not be deceived by the underlying innuendo of such lines. 
Generally speaking, ”excellence of the key” Ls easy to secure for simpler and better 
understood genera and often difticult for the others. Moreover, it must be borne in mind 
that many of the geneia monographed bv me for tlio Hawaiian Islands were considered 
“the most difticult and intricate Hawaiian genera” by no less .an authority than Otto 
Degener (Brittonia 6: 58. 194.‘1). Indeed, some of them (Euphorbia^ lAiboi'dia^ Pitta- 
,'<t}orum, etc.) liad been persi.stcntly shunned by other workers because of the apparently 
insuperable difficulties involved. It would seem then that any dissertation, however brief, 
up(ni the subject of keys might well include additional considerations. We may charitably 
snppoRO that such considerations jiever occurred to St. John's mind. At all events, the 
iUfficulties encountered in certain of my keys to the more ^Mifticult and intricate Hawaiian 
genera.” were of necessity present, and at times to a greater degree, in earlier keys by 
such pioneers jis Asa Gray and William Ilillebrand. It seems too bad that these gre^t men, 
long since dead and unable to utter a word in their own defense, must be thought of to-day 
as wMthin the scope of 8t. John’s censure. 
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cited by me for 8. rugosa and the var. suhulata is now accessible but most 
of the specimens reexamined separate readily enou^rh if more attention is 
paid to the shape of the calyx-lobes, these tendinj^ to be, for var. suhulata, not 
only ‘^mostly exceeding: the tiibe^^ (as stated in my key) but narrower and, 
at least above, ‘*very sharply subulate’’ (as pointed out in my description). 
It seems probable that I erred in my monojrraph in referrinj^ some material 
(e.g., Deqencr 5393) to the species proper instead of to the variety suhulata, 
thus confusing: the situation all unintentionally for 8t. John. (It may be 
pointed out that St. John’s study was not said to be a field-study but rather 
a reexamination of some specimens that had been cited by me.) It is to be 
hoped that other students may study the two forms in the field to see if 
indeed they are inseparable as stated by him. 

COMPOSITAE 

St. John discusses my treatment (Hull. Hish. Mus. 136: 8J--108. 1935) of 
of the g:enus Duhauiia Gaud., particularly that of D. plantaginea and my 
variety of it, var. Chamissonis. He adduces what to him seem reasons for 
construing: var. Chamissmis as synonymous with the sj)ecies proper and 
forthwith equates the tw’o. In the same jiaragraph, liowever, lie renames the 
species proper, in its varietal sense, ‘S^ar. typim St. John var. nov.” If it 
be assumed that my var. Chamissonis w’as indeed the typical I), plantaginea, 
it is difficult to understand his inventing: the new' name typica for the variety 
already validly named ('hamissonis. It is especially difficult since on an 
earlier pag:e in the same paper (p. 22) St. John assures us all that today 
WT do taxonomic work in conformity with the detailed articles and recom¬ 
mendations of the International Rules of Botanical Nomenclature.” No- 
wher(» do the International Rules permit such random replacement of once 
validly published names for any status.* 

A reexamination of the herbarium evidence, tog:etlier with a painstaking 
reading of St. John’s discussion, leaves me entirely unconvinced, however, 
that he has proved his case against var. Chamissfmis as a variety apart from 
typical 2>. plantaginea. (1) I had said that D. plantaginea proper w'as 
known only from the island of Lanai.” St. John remarked, speaking of 
the voyage on which the type of the species itself had been collected, that 
"‘the Urania Voyage did not visit Lanai, so (Jaudichaud could not have col¬ 
lected a species restricted to the mountains of the island,” There was no 
warrant for his use of the word “restricted.” As all advanced workers on 
the Hawaiian flora are aware, a certain proportion, not large to be sure, of 
the species or varieties found on Lanai are not “restricted” to that island 

7 The wisdom or unwisdom of establishing a fresh varietal name sucli as iypiva, as 
in this case, is not here under discussion. In the name of consistency, however, it does 
seem only fair that avowed devotees of the International Rules note concisely and openly 
those provisions of the Buies that they refuse to accept. 
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but occur ou one or more of the other Hawaiian Islands. Many of these 
entities are of very local distribution and with the advent of increased popu¬ 
lation, introduction of domestic animals, etc., are exterminated on one or 
more of the islands. Z>. plantaginea proper is doubtless an example of this. 
Anyway, since Gaudichaud did not tell from which island his type had come 
and since the only more or less matchiii”: material available today was col¬ 
lected on Lanai, 1 could not well have cited the ‘^known’’ present-day dis¬ 
tribution differently.^ (2) St. John refers to the only two collections {Munro 
48 and Munro 271) that J had cited for />. plantaginea in addition to the 
orifiinal type collection by Gaudichaud and stresses that they show traces 
of disease and injury, llis implication seems to be that the distinguishing: 
alternate (or in one case ‘'subopposite’') arrang^ement of the principal (i.e., 
lowermost) branches of the inflorescence is teratolog:ical. I liavo before me. 
however, a larg’c photog:raph (my negrative no. 2756) of an orig:inal Gaudi- 
cliaud sj)eciinen (in Herb, llerl. and formerly studied by me) and this has 
the infloresc(mce with definitely alternate principal branches as portrayed 
in (raudichamrs type plate, hut shows no cvidericc tvhafeoer of injury or 
disiasf /^ The fact, therefore, that modern Lanai material, even though some¬ 
what teratologfical in its somatic tissues, exhibits the unhpie alteriiate ar¬ 
rangement observed originally in the Gaudichaud type collection, would 
seem to connote more than trivial value for this character. Nor in all the 
cited material of my var. Clunnissonus, several specimens of which had been 
afjeeiid likewise by injury or disease, did 1 find any specimens w-liere the 
principal branches (»f the iiiflores(*ence liad been induced to depart from 
their opi)osite or essentially o})posite arraiigemeut. (J) 8t. John cites (p. 27) 
an a})parent “oversight” on my part in my omission of Lanai as one of the 
islands on which var. Charnissonis grows, although I cited specimens for 
that island; also (p. 28) my including Kauai, Maui, and Hawaii in my 
“carelessly handled" statmnent of “geographic range” when no specimens 
from those islands were cited. My revision of Duhautia was published, it 
may be ob.served. by the Lishoj) Museum in remote Honolulu and a number 
of such errors (*,rept into the final text as it was going through the press and 

Skottsborg, in a pfu>cr not dtod bv St. John (Meddel. Gdtcborga Bot. 15: 508. 1943), 
roje<*te<l my var. Charnissonis partly bocausc of roasoiiing akin to St, Jolnds regarding 
Lanai, and ])artlv because of having found some specimens (Skotisberff S(iS6) where the 
brancliCH of the .second pair were alternate. T(»uching this latter consid(*ration, it need 
liardly be observed that a vast proportion of generally recognized varieties among vascu¬ 
lar plants would have to be discarded if the existence of an cK^caaional intergradation were 
to be accepted as the guiding criterion. 

»Of. Skottsberg (Meddeb Gdteborgs Bot. TriidgSrd 2: 276. 1926). Skottsbcrg had 
studied this Berlin specimen. He wrote: According to Gaudichaud the branches of the 
panicle are alternate, and so they are in this specimen which is, however, rather excep¬ 
tional in this character.’^ It will be noted that Skottsberg recorded no impression or sus¬ 
picion that any injury or other tcratologieal effect was involved. 
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being considerably overhauled at Honolulu to adapt it more exactly to the 
Bishop Museum’s preferred style. Several very definite alterations in ar¬ 
rangement of text were made by the editorial assistants (such as shifting 
the ‘‘Distribution” paragraph to the end of the respective treatment), thus 
increasing the liability for error. I was afforded no opportunity to recheck 
the final page proof. It would seem, therefore, that St. John, himself a 
botanist and botanical adviser in editorial matters at Bishop Museum (even 
at the time my monograph was being dissected and “edited”), would be 
exceeding!}^ cautious about attributing such errors to the author’s owm care¬ 
lessness. However, in the ten years that have since elapsed, I have noted in 
my privately annotated copy all such errors as soon as detected. It is planned 
to publish a list of such errata later on. All additions to this list, from wdiat- 
ever source, will be welcomed. (4) In my monographic treatment of Dan- 
hautia, as the reader may have inferred, I separated var. Chamissonis as 
having “principal branches of panicle oppo.site” and Z>. plantaginea proper 
as having “principal branches of panicle alternate.” I had seen several 
specimens of the former in ^vhieh, at one or two low^r nodes of the inflores¬ 
cence’s axis, one of two opposite branches had been stunted or actually 
broken off (although both of the subtending leafy bracts remained!), giving 
very superficially a slight semblance of alternate branching. St. John cites 
five collections having “the low’er one to three nodes producing alternate 
branches.” Since three of his five cited collections {Fosherg i)()07, Foshery 
10363, and Garber 140) had been carefully studied by me (the two Foshery 
numbers are now’ before me) and been found to be illustrative of this trifling 
departure, I cannot be seriously impressed with his reasoning. Surely his 
conclusion (p. 28) that alternate branching of the inflorescence “does not 
appear significant” will need much better evidence than he has offered. 

It may be remarked tliat here (to judge from the tlirw citc?d speeimons seen by 
me) lie has seized ui>on abnormalities of development in var. Ohamisso'nis, these at times 
emphatically teratological, to justify u'eymonymizing of var. Chamissotiis with typical 
D. planiaginea. And yet on an earlier page (p. 27), as we have already noted, he has 
sought to explain away the value of alternate principal (i.e., lowermost) branches of the 
inflorescence on the two modern specimens of H. plantaginea cited by me for Lanai, by 
stating that they liad ^ injured main stems, and reduced T)aiiicles produced on the weak 
secondary branchlets. ’ ^ Thus teratology or mere accidental injury^ as the case may he, 
is now to be welcomed, now to be abhorred in the evaluation of diagnostic criteria. But 
the case is less hopeless than it might seem, for 8t. John does admit the reliability of 
Gaudichaud’s full-page plates. He says: gross detail they are excellent,lie con¬ 

cludes that Gaudicliaud was portraying a full-sized inflorescence, not one ^*from weak 
secondary branchlets, as in the two cited by Slierff. * * Of course, Slierff cited the only two 
modern specimens known to him as seeming to nlatch the species proper, and was in no 
wav to be blamed for their collector's having selected the somewhat injured sprays that 
he did. But even if we exclude these two plants by Munro from consideration, the hand¬ 
some Gaudichaud plate and the Berlin specimen above referred to, both with all brajiehes 
of the inflorescence and their subtending brads regularly spaced in alternate arrange¬ 
ment, can in no way be said to show teratology, so there seems little point to much that St. 
John says. 
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(5) St. John follows his attack upon iny treatment of Duiautia plantaginea 
with a further paragraph (p. 28): ‘‘The only remaining differences men¬ 
tioned by Sherff are: I), planfagimea having the leaves ‘at base more or less 
widened and clasping the stem^; var. Chamissonis having the leaves ‘more 
or less narrowed toward base and semiamplexicaulous. ’ This sounds like the 
recognition of a broad leaved and a narrow leaved variant. Close study of 
the many cited specimens and of others shows no difference whatever. The 
qualifying phrase ‘more or less^ seems to make the words widened and nar¬ 
rowed, quite meaningless, as used by Sherff.^’ It is difficult to understand 
how any competent taxonomist could fail to note at once the broader bases 
of the principal leaves on />. planiaginea proper. Indeed. Asa Gray (Proc. 
Am. Acad. 5: 135. 1861) criticized Gaudichaiurs plate of D. plantaginea 
proper for having the leaves “much too broad at the base.That was per¬ 
haps a pardonable error for Gray to make in his day, since the specimens 
in herbaria at his time were almost exclusively the ones with narrower leaf- 
bases and later sei)arated by me as var. Charnissonis. In an effort, however, 
to learn if possible what basis might exist for St. John’s criticism, 1 have 
reexamined all available material of var. Chamissonis, I find that this 
variety occa.sionally has a stunted shoot with the leaves crowded together at 
the base of a flowering branch or at the end of a sterile branch. In such cases 
the leaves may have broad bases. On flowering branches of normal develop¬ 
ment, however, i.e,, with average-length internodes among the leaves, the 
leaf-bases are commonly narrow. 

St, John cites the portion of my key in which I), planiaginea and its var. 
(Chamissonis are separated from the var. angnsiifolia, once described by me. 
He then remarks: “Neither a first nor a repeated reading of those lines wull 
reveal any tangible key (diaracters. A key should single out diagnostic dif¬ 
ferences, but this one fails to do so.” Much will depend. 1 fear, upon who 
reads the key. It must be emphasized that the cited key was wTitten seriously 
for sincerely minded botanical workers and went as far in its eharacteriza- 
tion.s as the facts at hand and the state of our knowledge of the genus at 
that time seemed to warrant. To (piote a portion of the text repeated by St, 
John: 

“a. Principal leaves . . . coiiiiiionly 3-3.4 cm. wide. . . . 
a. Principal leavo.s . . . 0. 7-1.3 (rarely ~ 1.6) cm. wide . . . var. y angustifolia. ^ ’ 

It seems to the present writer that any unbiased student ivould deem 1.3 or 
even 1.6 cm. maximum width for the leaves a tangible key character as 
against 3.4 cm. Unfortunately one specimen {Fosherg <C Dnker 8795) cited 
by me for var. angusfifolia had the larger leaves and doubtless should liave 
been referred to var. Chamissonis, But the other cited specimens were defi¬ 
nitely narrow-leaved. It happened that for the var. a/nguustifolia I had to 
rely more often upon a single specimen of any one collection, rather than 
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upon a lar^e suite of specimens (sometimes totaling: 30 or 40 or more in the 
case of plants collected by Otto Degener and his associates). There was thus 
less opportunity to study a range of leaf-width variations. It is my present 
judgment, however, after a reexamination of the present collection at the 
Chicago Natural History" Museum (including large photographs of several 
specimens previously cited by me from elsewhere), that var. angustifolia 
will probably stand as a good variety. This despite St. John’s reduction of 
it, as of var. Chammonis, to synonymy with />. plantaginea. We may note 
in passing that St. John (p. 29) makes much of my words for var. angusti- 
folia, “bracts (leaves) more elongate” and denies that this is so. Reference 
to my original description of the variety (Am. Jour. Bot. 20: 616, 1933) 
shows that these four words were absent, as tliey rightly should have been. 
How they came to be inserted in my monograph when it was printed by 
Bishop Museum 1 do not know. They are of course wrong and I cannot 
believe that they were a part of own manuscript, long since destroyed. 
We may note, further, that St. John (p. 29) complains that “var. angusii- 
folia has no distinct geograjihic range.” In the Hawaiian Islands, endemism 
is many times pronounced and there result many separate, restri(*ted geo¬ 
graphic ranges. A study of ranges thus becomes a major consideration in the 
delimitation of new taxonomic entities. It has always played an important 
part in my own studies of Hawaiian genera. It is not, however, the only 
consideration, nor even the greatest. Morphology is after all more important 
and unless subsequent study by other observers reveals a noteworthy incon¬ 
stancy in the narrow-leaved character for var. (nigustifolia, the variety’s 
status as such surely will have been vindicated. At this point it may be re¬ 
marked that w'hile my cited material of var. angustifolia consisted mostly 
of unicates, my cited material of var. Chanmsonis (with which St. John 
equates it for the moment) included several, often large suites of specimens 
(e.g., Degener 4325, 7 specimens; Degencr 4333, 12 specimens; Dcgener 
4337, 4 specimens; Degerwr cf Park 433b, 2 specimens; Dcgener & Park 
4342, 9 specimens). Jn these suites (numerous additional specimens of which 
Mwe left uncited by me and returned to Degener for later distribution with 
his other ex.siccatae to various herbaria), 1 failed to find any significant 
intergrading in leaf-width character with var. angustifolia. 

In my revisional treatment of Duhauiia, I had included var. strigosa 
Skottsb., citing the islands of Oahu, Maui, and Hawaii for the geographic 
distribution. St. John (p. 30) separates the Oahu material as a new variety, 
pauoaen^is, and the Maui material as a new variety, glandulosa. It is not my 
intention now to express opinion upon the validity of these two newdy pro¬ 
posed varieties. It should be stated, however, that Skottsberg (op. eit. 277) 
had already noticed the Maui plants, but construed them as merely a form 
of his then new var. .strigosa. Thus he wrote: “A very similar form (Fig. 
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7 e-«) was collected by Ilillebrand on E. Maui, s. slope of Haleakala. . . . 
It differs from most specimens seen, of both species and variety, in the 
smaller number of flowers, only 5 to 6 or sometim(‘s 7, a^^ainst 7-9 which 
is the common number.” C'uriously, Skottsbergr and St. John both examined 
and cited Hillebrand’s material from East Maui, yet Skottsberg noted only 
the fewer floi'cts ])er head and St. John (who made no mention of Skotts- 
berg’s earlier observation) omitted this character entirely but stressed 
mainly the smaller involucral bracts. By way of explaining my own mono¬ 
graphic treatment of var. strigosa in its broader sense, 1 may add here a 
few brief remarks. Skottsberg was at that time (1935) easily the be^t known 
authority upon the genus Duhautia, having made extensive collections of 
Duhaniia in 1922 (some seven yc^ars before St. John’s residential study of 
the HaAvaiiaii flora began) and again in 1926, and having published consid¬ 
erable text, illustrated Avith three series of excellent sketches (op. cit., 276- 
281, jigs, 7 r/-/?, -s a-i, and /> a-g). 1 was much impressed with his appraisal 
of the Ea.st Maui plant as ”a very similar form,” apparently not meriting 
a distinct status. 1 naturally attributed to the lone Oahu collection cited by 
St. John for his new var. pauoaensis (Rock 215) a comparable value and so 
retaiiied it, as well as the East Maui plant, under var. strigosa Skottsb. 
(3ii('aoo Teachers Oollfxie 

AND 

(’hk’ago Natural History Museum 
Chicago, Illinois 
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THE GILIA AGGREGATA GROUP 

Edgar T. Wherry 

Siloiigated clusters of br%ht red trumpet-flowers oii two-foot stalks 
elotlied below with lacy foliaj^e attract the attention of Jayinan and natural¬ 
ist alike in many parts of the western United States. Exhalinjx a mephitic 
odor, these plants are iiiacceptable to jrrazinjr aJiimals, and may become 
abundant even in well-pastured areas. They are known locally as ''ruby 
honeysuckle,” "scarlet bu‘»:ler,” or "skyrocket”; the Indians,^ among other 
names, used "timpiute.” A specimen was collected in what is now Idaho by 
the Lewis and Clark expedition in 1806, and named by Pursh in 1814 "Can- 
tua a<rj?re^ata,” but the current assignment is to a section Ipomopsis of the 
genus (lilia. To obviate the need for publishing numei'ous new combinations, 
this is followed here, although the generic independence of Jpomopm may 
some day be accepted. 

The "timpiutes” vary markedly from place* to place in stature, ])ubes- 
cence, leaf-segment outline, length and extent of union of sepals and petals, 
shape of sepal- and petal-blades, color of petals—from deepest red to purest 
white,—and length of stamens. Some taxonomists consider all the variants 
to constitute a single species with multiple subdivisions, while others sepa¬ 
rate the complex into several species.^ 

The principal exponent of the multi-s])ecies vi(*wpoint was (Ireene, who 
ill his writings of 1905, 1906, and 1914 rec'ognized no less than twelve. His 
diagnoses were, however, brief, and did not always corr{*s[)())ul closely to the 
features of the type specimens. In contrast, Brand in 1907 erected a complex 
"Systema speciei” comprising 2 subspecies, 2 varieties, 2 subvarieties, and 
3 forms. He classed many of Greene’s entities as ecpiivalents of previously 
known ones, but as he paid little attention to original descriptions or type 
specimens his conclusions are not dependable. Since sweeping reduction of 
epithets to synonymy is likely to obscure interesting relations betw{*en mor¬ 
phology and geography, all which have been validly published are accorded 
a place in the present treatment. 

1 Indian names and uses of these plants aje discussed in; Train, et al., Medicinal uses 
of plants by Indian tribes of Nevada. Contr. Flora Nevada No. 33, Publ. I)iv. PI. Expl. 
Intr. Bur. PI. Ind. U. 8. Dcp. A gr. pt. 2: 76. 1941. 

2 The generalization by Jepson in Flora Calif. 3(2): 174 (1943), that ^^Gilia aggre 
gata is an extremely constant species in vegetative organs and in the character of its 
flowers is difficult to reconcile with its segregation by various workers into 15 or more 
species. It can easily be refute<i by close examination of the sheets in the Gilia aggregata 
folders in any herbarium. 
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Field and herbarium study uf the group soon showed that there are 
several geographic trends, exhibited especially in calyx and corolla char¬ 
acters. In spite of the existence of occasional intermediates, then, the recog- 
jiition of more than one species seemed desirable. The members with rela¬ 
tively slender corolla-tube and pale corolla-hue proved to be separable into 
four entities differing in corolla and/or calyx characters; and those with 
flaring tubes of bright red hue into three more. The epithets applicable to 
these are: aggregata for the most widespread; arizonica for a Nev.-N.M. 
endemic; aitenuafa for a chiefly northern assemblage; hridgesu for a Calif, 
endemic; Candida for a Colo.-N.M. one; iennitnlya for a Great Basin as¬ 
semblage; and tv.rana. for a dominantly southern assemblage. More or less 
intergradation admittedly occurs between these, especially where ranges 
overlap; it seems to be largely the re.sult of hybridization. To attempt to 
allow for it iiomenclatorially would yield aggregations of epithets too coin- 
])Iex for practical use. 

The nomenelatorial and taxonomic pi-ocediires followed in recent papers 
by the 'writer are continued liere. fSubspecies are assigned trinomials without 
inter[)Osed category designation. The only other infra-specific category rec¬ 
ognized is that of form; these are referred to ]>rimarily by vernacular de¬ 
script ive terms, although e})ithets applied to them by ])rpvious workers are 
recorded. SIpecies and infraspecifie epithets are decapitalized, no matter 
what their derivation. 

An aiuiotated alphabetical list of the eiuthets which have been applied 
to the members of the group under discussioji is uoav given; new combina¬ 
tions are ])laeed in bold-face, earlier ones ]>roving accei)table in italic or 
small eai>itals, and rej(‘cted ones in ordinary type, enclosed in (piotation 
marks. To .save repeating long references. Greeners Ijcaflvis of Botanical 
Observation and Criticism is abbreviated to **Leafl.'^ and Brand's Mono¬ 
graph on Pole man iaccac in Engler’s Pflanzcnrcich IV 250 to ‘‘Pol.” 

In describijjg organs showing (‘oale.sceuee of parts the customary pre¬ 
evolutionary method of statement, e.g., “<*alyx cleft to i its length,” is 
avoided. Instead, the extent of union of sepals and ])etals is given, their free 
partj!i being then termed the blades. 

For duplicate sheets bearing the same number as the holotype the term 
replicate is used instead of the more familiar “is(dype.” The latter implies 
that a collector or distributor has seen to it that multiple sheets with a given 
number carry specimens of the very same entity, Avhereas in critical groups 
like the Polcmonkwcae this not iutmpientiy fails to be done.'*' 

Karlior hotnnista, uct'ording to Jackson’s Ghssavif, iistnl isotype for forms com¬ 
mon 1() different countries.’’ In 1919 Pennell, in Torreva 19: 13, redefined the term to 
signify sheets bearing the same number us the lioloty])e. He pointed out that ^‘sucli a 
term should emphasize the importance of all duplicates being thoroiighly like the type”; 
but unfortunately there is no way to make this retroactive, nor to enforc<‘ its application. 
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EPITHETS PROPOSED IN THE GILTA AGGREGATA GROUP 

(Comprising: Gilias of biennial duration, dissected leaves, thyrsoid inflo¬ 
rescence, and relatively larj^e fiinnel-salverform corollas of red, yellow, pink, 
or white hues, the petal-blades acmminate to obtusislu) 

AGGREGATA (Pursh) Spreiig. ‘‘Cantua aggregata’’ Pursh, FI. Am. Sept. 
1: 147. 1814; '^Tpomeria aggregata’’ Nutt. Gen. N. Am. PI. (1): 124. 1818; 
Oilia aggregata Spreng. Syst. Veg. (16) 1: 626. 1825; ^‘Batanthes aggre- 
gata'^ Kaf. Atl. Jour. 1(4): 145. 1832; “Collomia aggregata’* Port, apud 
Rothr. Rep. U. S. Geogr. Surv. -sv. lOO'* 6: 198.1878; *‘Callisteris aggregata” 
Greene, Leafl. 1: 159. 1905; same, reinterpreted, ibid.: 224. 1906. The type 
specimen, Lewu, June 26, 1806, in the American Philosophical Society her¬ 
barium deposited at the Academy of Natural Sciences of Philadelphia, is a 
wretched scrap. Its herbage is pubescent with both copious minutely glan¬ 
dular and sparse long eglandular hairs. The sepals are 6 mm. long, and united 
I their length to a subcainpanulate tube, the blade broad-subulate and short- 
aristate. The petals are red, and before drying were apparently about 20 mm. 
long and united ^ their length to a moderately thick and flaring tube, the 
blade being lanceolate and acuminate. Stamens and styles are included, 
although Pursh’s characterization of the style as ”brevissimo” represents a 
misobservation. Through inadverten<‘e the locality was published as ‘*()n the 
banks of the Mississippi”; no doubt ^‘Missouri” was intended, but even that 
would have been in error; for the label reads “Hungry Creek.” This was a 
point on the Lolo Trail at latitude 46°30' longitude IIS'^^IO' i]i wliat is now 
Idaho, across the divide from the tribtdaries of the Missouri. 

ARizoNiCA (Greene) Kydb. “Callisteris arizonica” Greene, Leafl. 1: 160. 
1905; “Batanthes arizonica” ibid.: 224. 1906; “Gilia aggregata euaggregata 
subvar. arizonica” Brand, Pol.: 115. 1907; Gilia arizonica Kydb. l^ull. Tor- 
rey Club 40 : 472. 1913; “G. aggregata var. arizonica” Fosb. Am. Midi. Nat. 
27 : 764. 1942. The type is from Flagstaff, Ariz. (35-12, 111-39), Mocdougal 
148, May 26,1891, in IT. S. Nat. Herb. Several other entities were distributed 
from that joeality by him. The entity represented by the type is charactej’- 
ized by .short broad sepal-blades, short corollas, and deejdy included stamens. 

ATTENUATA (Grav) Nels. “Gilia aggregata var. attenuata” Grav, Syn. 
FI. N. A. (2)1: 145.‘l878; Gilia attenuata Nels. Bull. Torrey Club 25: 278. 
1898; “Callisteris attenuata” Greene, Leafl. 1: 160. 1905; “Batanthes at¬ 
tenuata” ibid.: 224. 1906; “G. aggregata euaggregata var. attenuata” 
Brand, Pol.: 115-116. 1907. The type is a specimen colUnded by Parry in 
1864 in Middle Park, Colo. (ca. 40-15, 106-15), in Gray Herb.; others of his 
collections there are different entities. The typical representative has the 
sepals about half united and a pale corolla with a short, slender tube and 
lanceolate-attenuate blades. 

(aurea.) “Gilia aggregata f. aurea” Macbr. & Pays. Contr. Gray Herb. 
49 : 64. 1917. Type from Martin, Idaho (40-31, 113-34), Machride ch Payson 
3082f July 7, 1916 in Gray Herb. This represents a yellow color-form which 
is occasional in southern Idaho and rare elsewhere. Having exserted stamens, 
it is to be assigned to: Gilia aggregata formosi^sima f. aurea (Macbr. & 
Pays,) Wherry, comb. nov. 
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“australiK.’’ This epithet, placed on labels b}" Heller, was merely cited 
as a synonym of his ‘MJilia ajr^rep:ata euaf?j?re<;ata subvar. arizonica^’ by 
Brand, Pol.: 115. 1907, so is not validly published. As type was designated 
a sheet of MacAlovgal 52, June 4, 1888, from Flaj^staff, Arizona (35-12, 
111-39), in Delesscrt Herb. Replicates in American herbaria bear specimens 
of (7. anzonim, of G. ivxnna, of G. aggregala, or of intermediates (hybrids?) 
between these. The epitlud need not be validated. 

Gilia bridgesii (Gray) Wherry, comb. nov. “G. ajr^regata var. bridgesii’’ 
Gray, Proc. Am. Acad. 8: 276. 1870; “Callisteris bridgesii’^ Greene, Leafl. 1: 
160. 1905; ‘‘Batanthes bridgesii’’ ibid.: 224. 1906; ‘^G. aggregata bridgesii” 
Brand, Pol.: 115-116, 1907. Type from eastejii Maripo.sa county, Calif, (ca. 
37-45,119-35), Bridges J 71 , in Gray Herb. In tl)e oidginal description, Gray 
characterized the sepal-blades as ‘Mato-subnlatis immo deltoideis”; in the 
Syn. FI. 2(1) : 145 (1878) he expanded this to "shorter and broader, from 
subulate-lanceolate to deltoid.” Brand rendered it simply as "breviter 
triangulares.” The type of sepal-blade to which they were referring is 
characteristic of species other than G. aggregata. However, the present 
entity differs from all other members of the grou[) in lax habit, obtusish leaf- 
segments, narrowly deltoid barely awned sepal-blades, and pink corolla with 
the T)etals united to tlieir length to a moderately slender tube. As it is, 
moreover, (‘udemic in a restricted area in east-central California, Greene’s 
vi(‘w that it deserves species .status is believed to be justified. Its closest X’ela- 
tive apj)ears to be Gilia iejraaa, whicli approa<dies its range on the northeast. 

('ANi)iDA Rydl). Bull. Torrey Club 28 : 29. 1901 ; "Gilia aggregata euag- 
gregata var. attenuata f, Candida” Brand, Pol.: 115-116. 1907; "(i. attenu- 
ata .synonynC’ ('oult. & Xels. Man. Rocky Mts.: 400. 1909. Type from La 
Veta, C’olo. (37-30.]. 105-00]), Vrrdand 602 , 1900, whereabouts unknown. 
Coty]>es are (diaracterized by having the se])als united §-:| their length, the 
blades being at hrst rounded, then abrui)tly contracted to a broad-.subulate 
ari.state tip; and the white to pink corolla long, slender-tubed, with elliptic 
(or according to J^ydberg obovate) and obtusish petal-blades. These char¬ 
acters are regarded as sufficient to separate this entity from its nearest rela¬ 
tive, Gilia attenuata. It falls into two .subspecies; tlie original one may be 
known as: Gilia Candida vera Wherry, nomen novum pro plantain origi- 
nariam. 

(eollina.) "Calli.steris collina” Greene, Leafl. 1: 159. 1905; "Batanthes 
collina” ibid.: 224. 1906; "Gilia aggregata synojiym” Brand, Pol.: 115. 
1907; "G. attenuata synonym” Coult. & Nels. Man. Rocky Mts.: 400. 1909; 
"G. attenuata collina” Ckl. ex Dan. Fiiiv, Mo. Stud. 8ci. 2(2) : 197. 1911. 
Type from (dear Creek, Denver, Colo. (39-4f), 105-00), Greene, July, 1870, 
in Greene herbarium. This is not closely related to either of the species of 
which it has been made a synonym, but intergrades with a third, so is here 
classed as Gilia Candida collina (Greene) Wherry, stat. nov. It may repre¬ 
sent a hybrid with G. fexana. See "G. greeneana/' below. 
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(elegans.) A figure published by Lindley, Bot. Reg. 16: pL 1281 (1829), 
under the name “Ipomopsis elegans,” represents not the eastern plant so 
named by Michaux, but the western Gilm aggrcgata fonnosissima. 

(euaggregata.) Gilia aggregata euaggregata Brand, Pol: 115. 1907. In 
assigning the third epithet to the subspecies including the type, Brand gave 
no description. It is here accepted for material with the corolla-tirbe 20 to 30 
mm. long and the stamens included. 

(flavida.) ‘'Callisteris flavida’’ Greene, Leafl. 1: 160. 1905; ^‘Batauthes 
flavida^’ ibid.: 224. 1906; Gilia aggregata synonym^' Brand, Pol: 115. 
1907. Type from Arboles, Colo. (37-01, 107~23i), Baker 532 in U. S. Nat. 
Herb.; this is a specimen of Gilia texarm with red corollas which faded more' 
or less to yellow in press. It may be known as Gilia texana f. flavida (Greene) 
Wherry, stat. nov. 

(formosissima.) “Callisteris fonnosissima^’ Greene, Leafl. 1: 160. 1905; 
^'Batanthes formosissima” ibid.: 224. 1906; ”Gilia aggregata synonym” 
Brand, Pol: 115. 1907; ”G. formosissima” Woot. & Standi. Contr. TI. S. 
Nat. Herb. 16: 161. 1913. Type from southern Black Range, N. M. (32-55, 
107-45) Metcalfe 1318, 1904, in V, S. Nat. Herb. As this differs from the 
original representative in having conspicuously exserted stamens, it is hove 
made: Gilia aggregata iovmosissimB, (Greene) Wherry, stat. nov. Oidy sub¬ 
species status is admitted because there is complete intergradation in respect 
to stamen-length, and but little geographic segregation: exserted-stamen 
plants are more frequent westward, but may appear throughout the species 
range. 

^^gx'eeneana” Woot. & Standi Contr. II 8. Nat. Herb. 16: 161. 1913. 
This was put forward as a substitute for ‘‘Callisteris collina” Greene and 
would be accepted were the entity concerned taken up as a species of Gilia 
(there being a prior (?. collina, belonging to another groii])). Only subsjieeies 
status is here recognized, however, and in that the epithet collina is available. 

(helleri.) ‘‘Gilia aggregata euaggregata subvar. helleri” Brand, Pol. 
115. 1907. Type from Lake Waha, Idaho (46-12, 116-50) Heller 3253, in 
Boissier Herb. Replicates in American herbaria consist of variants of G, 
atienuata, with the stamens barel}' included to barely exserted. The entity 
deserves only the statu.s: Gilia aitenvaia f. helleri (Brand) Wherry, stat. et 
comb. nov. 

(leucantha.) “Callisteris leucantha” Greene, Leafl. 1: 160. 1905; ”Ba- 
tanthes leucantha” ibid.: 224. 1906; “Gilia aggregata euaggregata var. 
attenuata f. Candida synonym” Brand, Pol: 116. 1907; “G. attenuata syno¬ 
nym” Coult. & Nels. Man Rocky Mts.: 400. 1909. Type from Upper Bear 
Creek, Colo. (39-36i, 105-29) Greem, July 26, 1889, in Greene lierbarium. 
This is a minor variant of the species with long well-united sepals, distin¬ 
guished only by its “oblong-acutish” petal-blade, so may become: Gilia 
Candida vera, f. leucantha (Greene) Wherry, stat. nov. 
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(macrosipbon.) aj?f?regata var^ iriacrosiphon*’ Kearn. & Peeb. 

Jour. Wash. Acad. 29: 488. 1939. Type from Santa Catalina Mts., Ariz. 
(32-25, 110-45), Peebles et al 25:^2. July 22, 1926, in S. Nat. Herb. This 
is related not to G. aggregafa but to G. temdtuba; differing from the original 
representative of that only in the somewhat longer corolla, it should be 
classed as Giliu tcnuitivha f. macrosiphon (Kearn. & Peeb.) Wherry, stat. et 
comb. nov. 

(maculata.) “Gilia aggregate var. maculata^^ Jones, (Vmtr. W. Bot. 12: 
55. 1908. Type from Soldier Canyon, Chihuahua (30-15, 108-15), Jones^ 
Sept. 16, 1903, in Pomona College herbarium. Being a minor color-variant, 
this may become: Gih’a aggregafa foi’mosissimu f. maculata (Jones) Wherry, 
stat. nov. 

'^pulchella’’ Dougl. ex Hook. PI. Bor. Am. 2: 74. 1838; Callisteris pul- 
chella^’ Greene, Leafl. 1: 160. 1905; *‘Batanthes pulchella’^ ibid.: 224. 1906; 
‘‘Gilia aggregata syiionynC’ Brand, Pol.: 114. 1907. Type from lower Spo¬ 
kane River, Wa.sh. (47-53, 118-20), Doughs, 1825, in Kew Herb. The sole 
differentiating feature given in the original description is arachnoid pubes¬ 
cence. Although the writer once, in Graham, Ann. Cam. Mus. 26: 303 
(1937), accepted this as a species distinction, further study has indicated it 
to be of sporadic occurrence among glabrate material. It is accordingly here 
reinterpreted as Gih'a aggregafa maggregaia f. pulchella (Dougl. ex. Hook.) 
Wherry, stat. nov. 

‘\scari()sa^’ Rydb. Bull. Torrey Club 31: 632. 1904; ‘^Gilia aggregata 
synonym’’ Brand, Pol.: 115, 1907. Type from Veta Pass, Colo. (37-36, 105- 
12), Shear July 15,1896, in Britton Herb, This differs from G, Candida 
(the type of which came from the .same vicinity) only in the petal-blades 
being lanceolate; the iiitersepaline membranes of all members of the group 
become more* or less scarious in age. It may therefore become Oilia Candida 
vera f, scariosa (Rydb.) Wherry, stat. nov. 

(scopulorum.) ‘4-iatanthes sco])ulorum” Greene, Leafl. 1: 224. 1906; 
proposed as a substitute for ‘H’allisteris aggregata Greene, probably not 
(’antua aggregata Pursh.” Greene inferred that distinct entities were in¬ 
volved, in that Pursh’s type ‘k*ame from the Pacific slope,” whereas Greene 
was referring to a plant ‘M'rom the Rocky Mountain region eastward.” The 
geographic separation is much too slight to make species identity improb¬ 
able, so Greene’s proposal is rejected. 

TENriTTTBA Uvdb. Bull. Torrey Club 40: 472. 1913. Type from Beaver. 
Utah (38-17, 112-39), E. Pahner 329, 1877, in Britton Herb. While closely 
related to G, aifenuata, this has the longest corolla in the group, so deserves 
species status. 
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TEXANA (Greene) Woot. & Standi. '* Callisteris texana^’ Greene, Leafl. 1: 
160. 1905; '‘Batanthes texana” ibid.: 224. 1906; “Gilia aj 2 :gref?ata eiia^gre- 
gata subvar. arizonica equivalent’’ Brand, Pol.: 115. 1907; G. tcxana Woot. 
& Standi. Contr. U. S. Nat. Herb. 16: 161.1913; ‘‘G. ajj:j?re^?ata var. texana” 
Johnston, Jour. Arnold Arb. 24: 95, 1943. Type from Guadelupe Mts., Tex. 
(31-55, 104-50) Havard, Sept., 1881, in U. S. Nat. Herb. This entity has 
been poorly described. Greene termed it ‘Gow,” but the type specimen is a 
broken portion of a tall plant; he characterized the calyx as *^herbaceous,” 
but in mature flowers it is siibscarious; and he classed the corolla as ^‘small¬ 
ish,” whereas it is actually 35 mm. lon^r. Wooton & Standley, Contr. U. S. 
Nat. Herb. 19: 525 (1915), keyed it out as havinji: the “lobes of the calyx 
equaling? the tube,” althou$?h in the type specimen they are shorter. The 
corolla is brij^ht red and flaring, with the stamens conspicuously exserted as 
in G, aggregata formosissima; but because of the different calyx,—sepals 
only 5.5 mm. long, united over half their length, the blades deltoid with 
subulate tip—it is here considered specifically distinct. 

(typica.) The epithet “typica” was used by Brand, Pol.: 115. 1907, in 
varietal status under Gilia aggregata enaggregata^ although the data he gave 
were not in accord with the type specimen. This epithet was placed on the 
labels accompanying specimen No. 745 of the Plantae Exsicc-atae Grayanae, 
but the material was not like the Pursh typ(», representing instead G, ari¬ 
zonica. 

(utahensis.) “Gilia aggregata euaggregata var. attenuata f. utahensis” 
Brand, Pol.: 115-116. 1907. Type from Alta, Utah (40-35^, 111-38), Jones 
1122f July 31,1879, presumably destroyed in the Berlin-Dahlem herbarium. 
In such case, the replicate in the Gray Herb, may be taken as ueotype. As 
this differs from other long-tubed material only in slightly longer sepals, it 
may become Gilia tenuituba f. utahensis (Brand) Wherry, comb. nov. 

(ventrensis.) “Gilia aggregata euaggregata var. attenuata f. ventrensis” 
Brand, Pol.: 115-116.1907. The type specimen of this, Howard 1H6 from the 
Gros Ventre valley, Wyoming (ca. 4j~30, 110-13), was mistakenly stated 
to be in the Gray Herbarium, and neither it nor ^iny replicate has been seen. 
The description indicates it to be a'minor variant, with subexserted stamens, 
so it may become: Gdia attenuata f. ventrensis (Brand) Wherry, comb. nov. 

(vera.) Subspecies vcra was applied above to the original Gilia Candida. 

(violacea.) “Callisteris violacea” Greene, Rep. Spec. Nov. 13: 324. 1914; 
“Gilia aggregata equivalent” Dayton, Bull. Torrey Club 55: 71. 1928. Type 
from Montezuma Nat. For., Colo. (ca. 37-30,108-10), U. S. For. Serv. 11544, 
in U. S. Nat. Herb. Having a long narrow corolla-tube, this color-form may 
be known as: Gilia teniiituba^ f. violacea (Greene) Wherry, stat. nov. 
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KEY TO THE GILIA AGGREGATA GROUP 
(based on measurements of flowers in mid-anthesis) 

LEAP-SEGMENTS obtusish; habit lax; sepals united their length of 5-7 
mm., the blade narrow-deltoid, barely awned; corolla pink, 30-45 mm. 
long; petal-blade oblong; stamens included or barely exserted. Endemic 
in east-centr. Calif., lat. 36°15' to 39^. 1. G, ’bridgesii, 

LEAP-SEGMENTS acutish; habit strict (or lax in mutants). 

CALYX cylindric» the sepals united S-f their length of (6) 8-10 mm., the 
blade obtuse, abruptly contracted to a subulate-aristate tip; petals 
united their length of (25) 30-45 mm. Endemic in Colo, and adj. 

N. M., long. 108° to 112°. 2. G. Candida; ssp.: 

COEOLLA-HUE white to pink; tube little expanded upward; blade obtusish 

to acutish and oblong (f. leucantha) to lanceolate (f, scariosa), a. vera. 

COROLLA-HUE deep pink to red; tube more or less expanded upward; 

blade lanceolate. Apparently mostly of hybrid origin. b. collina. 

CALYX Bubcampanulate; sepal-union not over i the length. 

COEOLLA-TUBE slender with but slight upward expansion; hue pale or 
rarely deep; sepal-blades broad- to narrow-subulate. 

COROLLA-LENGTH 25-30 (35) mm.; hue white, yellow, or pink; stamens 
included to subexserted (f. helleri^ f. ventrensis ); sepals united 
i-ji their length of 5.5-9 mm., usually rather long-awned. Range 
from ne. Wash, to centr. Colo. 3. G. attenuata. 

coROLLA-tJJNQTH (30) 35-60 min. (f. macrosiphon); hue white to 
pink, sometimes purple-streaked or becoming violet on drying (f. 
violacea ); sepals united their length of 5.5-9 mm. (f. 
utahensis) f usually rather short-awned. Range from e. Calif, to w. 

Colo. 4. G, icmdivha. 

COROLI^-TUBE stout, With marked upward expansion, 20-45 mm. long; 
hue deep rod more or less mottled with yellow; pink or yellow in 
mutants. 

SEPAL-UNION i-?, the total length of 4 to 6 (8) mm., the blade deltoid 
to oblong, more or les.s abruptly contracted to a subulate tip 0.5- 
3.5 mm. long, barely to moderately awned. 

PLANT tall, (30) 40 to 100 cm. high, often sparse-pubescent; corolla 
red or drying j'ellow (f. flavida); (27) 30-40 mm. long; 
stamens more or less exserted. Range n. Calif, to ne. Mex. 5. G, lexana. 
PLANT dwarf, 15-30 (50) cm. high, often dense-pubescent; corolla 
red, 20-25 (30) mm. long; stamens more or less deeply in¬ 
cluded. Endemic from s. Nev. to n. N. M. 6. G, arizonica, 

SEPAL-UNION less than half the total length of 6-9 mm., the blade 
subulate from a more or less broad base, moderately awned. 

Range, s. B. C. to centr. Mex. 7. G, aggregaia; ssp,: 

STAMENS included; corolla red, yellow-mottled, or rarely yellow; 

20-30 (35) ram. long; herbage glabrate to tomentose (f. pul- 
ehella). More frequent toward east side of range. a. cuaggregata. 

STAMENS exserted; corolla red, yellow-mottled (f. maculata) or 
yellow (f. avrea) (25) 30—45 mm. long. More frequent toward 
west side of range, b. formosissima. 
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EVOLUTIONARY RELATIONS 

The key presented on the preceding page is frankly artificial, the 
sequence of entities being such as to make diagnosis as easy as practicable. 
The evolutionary relations between the various entities involved can, how¬ 
ever, be brought out by a tabulation as in the accompanySng chart. 



tenuituba 

/ 

attenuata 

niaerosipbon, utahensia, etc. 


—^ hclleri, ventienais, etc. 


candkla 

—> vcra, collina, scariosa, etc. 

/ 



aggregaia 

bridgosii 

—^ euaggregata, formoaiasima, etc, 


/ 



texana 

arizonica 

—» flavida, etc. 


Anyone desiring to re(*ognize f('wer species than are accepted here wnll do 
well to carry out status-reduction in the directions indicated by the arrows. 

Relationship of G. aggregata to G. rubra. The closest relative of the 
entities above discussed is Gilia rnhra (L.) Heller, otherwise Ipomopsis 
ruhra (L.) Wherry. This is a more eastern plant, ranging from Texas to 
Florida, and its nomenclature has been discussed in the writer’s series of 
studies on eastern Polemoniacea^^.* In proposing the genus epithet '^Callis- 
ter’s” for G, aggregaia and its allie.s, Greene'' stated : “From the Ipomopsis 
of Miehanx, itself an excellent genus and monotypic, they differ not only 
habitally and in foliage, but widely in character of (‘-alyx and seeds.” It is 
difficult to account for these assertions. (Glia rnhra, tin* Ipomopsis of 
Michaux, is remarkably similar in habit to G. aggngata, merely lacking 
glandular pubescence and having filiform leaf-segments. Measurements of 
the (^alyx on some 25 sT)ecimeiis shoM’ its length to average 8 mm. and the 
subulate sepals to be united their lengtli, essentially as in G. aggregaia. 
The seeds of some forms of G. ruhra are, it is true, unchanged when mois¬ 
tened, y(*t in other forms unquestionably belonging to the same species the 
seed-coat becomes nearly as mucilaginous as in G. aggregaia. It can only be 
concluded that Greene exaggerated the dissimilarities, and that whatever 
generic assignment is ultimately settled upon, G. ruhra and the G. aggregaia 
group will be considered congeneric. 

Department of Botany, University of Pennsylvania 
Philadelphia, I^ennsylvania 


4 Bartonia No. 18: 56. 1936. 

Leaflets Bot. Obs. & Orit. 1: 169. 1905. 
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SiiORT Articles and Notes 

Notes on the Grasses, Sedges and Rushes of the Great Swamp (New 
Jersey).^ During tin* spring ami summer of 1944 the authors collecteil all mature 
gravsses which they could find growing in the sui'vey area of the Great Swamp. 

The Great Swamp lies in (Jhalham Township, Morris County, south of the town 
of Chatham. The survey an‘a is a half mih* squar<‘. The northern boumlary starts a1 
the point wh(‘re the Public Service high j)ovver line crosses Southern Boulevard and 
follows the latter one-half mile west. The eastern boundary runs south from Sf)uthern 
Boulevard one-half mile along the liigh power line. The northern portion of the area 
is on th(‘ VV^isconsin terminal moraine where the soil is a sandy loam with a pH of 
5.17 in the open tields. As om* goes south through the area and down into the swamp 
pi’oper, th(‘ soil becouu's a black silt which in certain ar(‘as is in the early stages f»r 
peat formati(m with a pH as low as 4.19. 

All of the specimtuis w(‘ve determin(‘d by Mr. Bayard Long of the Academy of 
Natural Scienc(\s of Philadelphia. The specimens are in the Rapp Herbarium, the 
Chryshu’ Herbarium at Rutgers Utiiversity, and the Acadtuny of Natural Sciences of 
Philadelj)hia. 

ORAMINEAE 

The grasses growijig in tin* Great Swamp are cosmopolitan species growing 
through«)ut the eastern United States. Many of the grasses might be* called prairie 
spendess, Ninea* the‘v are* common in the* prairie ivgiem e>f Middle North America. 

The M*epn*ne(* td' tribe's and ge‘nera follows that of HitehcockV **Manual of Grasse*s 
of the l'nite*d States.^’ 


Ft*stuce*ae. Ft'seue Tribe 

P(U ('OMPiiESSA L. Canada Blue grass. Feeund e'very where except in the dense Avood- 
land and in the ve'rv we*t plae*(*s. We toe)k mature specimens 28 June 1944. 

Triodia flava (L.) Smyth. Favors e)pen fields and woods. It is common on the 
mielwe*ste‘rn prairie. Mature s]>e‘cime‘ns were take*n 2 St*pte*mber 1944. 

Oryzeae*. Rice tribe 

Leeksia viReMN k'a Willel. Commem in the elamp woods and ahmg the paths. 
Matures spe*cimens were taken 13 August 1944. 

Paniceae. Millet Tribe 

PANICUM MiCROCARPON Muhl. A Avoodlaiul specie's pi'efering acid soil. Mature 
specimens were taken 28 June 1944. 

Panioum DiCHOi'OMTJM L. Fouud in the op<*n areas, especially on the moraine 
where the soil is sandy. Mature specimens Avon* taken 28 June 1944. 

Fourth contribution to the (Deat Swamp Ecological Survey. 

2(X1 
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Panicitm lindhbimebi var. pasciculatum (Torr.) Femald. Common in moist 
places near the bottom of slopes. Mature specimens were collected 28 June 1944. 

Andropogoneae. Sorgum Tribe 

Andropogon scoPARirs Michx. Prairie Beardgrass. Common in the open fields in 
the northern part of the sun^ey area. Mature specimens were collected 2 September 
1944. 

CYPERACEAE 

We collected two genera from the Great Swamp, Scirpus and Car ex. Most of the 
species are widely enough distributed to occur in the prairie region as well as in the 
eastern United States. 

The arrangement here follows that of Deam^s “Flora of Indiana.^^ 

Scirpus ATROvresNS Muhl. Common on wet mucky soil. Specimens were collected 
28 June 1944. 

Carex annectens Bickn. Collected in the drier areas of the Swamp particularly 
where the soil was more acid. Mature specimens collected 28 June 1944. 

Carex scoparia Schkuhr. This species seemed to p7*ef(‘r open wet areas in the 
swamp. Specimens Avere collected 28 June 1944. 

Carex striota Lam. Found in wet places both in open regions and under trees. 
We collected mature specimens 30 July 1944. 

JITNCACEAE 

J UNCUS EPPUSUS L. Found in low portions of fields and in w’et open woods. 
Mature specimens were taken 28 June 1944. 

JuNCus tenuis Willd. A coastal plain species which has migrated back into the 
Piedmont plain. Mature specimens were taken 28 June 1944. 

Luzula echinata (Small) Hermann. Fairly common in the open woods on drier 
slopes. Mature specimens Avere collected 28 June 1944.— William F. Rapp, Jr. and 
Janet L. C. Rapp. 

Additional Introduced Plants' in the Aleutian Islands.^ Considerable 
interest attends the introduction of plants into the Aleutian Islands, because con¬ 
ditions there suggest that these islands could support a better flora than they now 
possess. Until recently f(‘w attempts have been made to introduce plants except for 
some scattered planting of trees in the eastern end of the chain. There are a few of 
the ubiquitous weeds which have inevitably come along whenever the few white 
inhabitants have undertaken agriculture. The attempts to introduce trees have been 
ably summarized in a recent article in the Geographical Review for July, 1945,^ 
Avith some data on weather conditions bearing on their survival possibilities. 

It is usually necessary in studying introduced plants to search out-of-the-way 
places for records of their first appearance, or to derive this information by deduc- 

1 Published by permission of the Secretary of the Smithsonian Institution. 

2Bmce, David, Court, Arnold. Trees for the Aleutians. Geogr. Rev. 36: 418-423. 
1946. 
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tion and assumption. It may be anticipated that sometime in the future knowledge 
will be needed of the introductions made during the recent military occupation of 
these islands. It seems advisable, therefore, to record here some introductions addi¬ 
tional to those noted in the Geographical Review and to suggest that other records 
be published where future students can readily obtain them. 

In the collections from Attu Island made in 1944 by Lt. G. B. Van Schaack of 
the U. S. N. R. and Mr. Robert Morehouse of the U. S. Army, there appeared speci¬ 
mens of Brassica napuf^ L., rape, and B, juncea (L.) Goss., brown or Indian mustard. 
These were identified by L. H. Bailey, who has given special attention to the culti¬ 
vated brassicas and has urged the collecting of more herbarium material of these 
variable and widespread crops. The Attu collectors reported that the plants appeared 
to have sprung from seeds drop})ed from Japanese military stores during their short 
occupation of this island. There was no indication that they were deliberately planted. 
The fact that these specimens were in full flower suggests the ability of the species 
to survive an Aleutian winter. However, Lt. Van Schaak reports that these were not 
s<*en during 1945. 

Lieutenant Soren Nelson, of the Army Engineers, recently reported to the Smith¬ 
sonian Institution a list of seeds of trees and .shrubs which were sown on Amchitka 
Island during May, 1945 on bone-heap mounds left by the Aleuts. The species planted 
are reported to be Pitius strobus, Tsuga canademis^ Tanga caroHnianay Picea cana¬ 
densis, Abies balsamea, AmeUvnehier lae.vis, Crataegus submoUis, Betula papyrifera 
minory Ilex verticiUala, Cornns stolonifera. Rhododendron nMximumy R. carolinia- 
num, Kalmin latifolia, Vaccinium eorymbosumy and Viburnum dentatnm. The seeds 
were secured from E. C. Half of the Champion Paper & Fibre Co., Canton, North 
Carolina. The location of the* mounds where these planting were made are shown 
on a map which appears on p. 23 of the July 1945 issue of the Scientific Monthly 
showing archeological sites of prehistoric villages.^ The planted mounds are num¬ 
bers 12, 15, and 16 on the map, also one at the base of Constantine Harbor on the 
north side of the island, another just west of site no. 25 in St. Makarius Bay, and 
th(* sixth is a short distance further west on the shore of the same bay. 

The planting of acidophil(*s on bone or shell heaps does not forebode great sur¬ 
vival. The exact origin of th(‘ seeds has not been stated, although a southeastern 
Lnited States origin is suggested. The northern limit of range of all but one of these 
species is far south of the latitude of the Aleutian Islands. Cornns stolonifera, how¬ 
ever, doe.s occur commonly in Alaska.— Eobert H. Walker. 

Book Review 

Plantas Medicinales, Aromaticas o Venenosas de Cuba. By Juan Tomas 
Roig y Mesa. 872 pp. Illustrated. Havana: Republica de Cuba, Ministerio de Agrri- 
cultura, Sen icio de Publicidad y Divulgucion (Publicaciones Tecnicas). 1945. 

This is not only a noteworthy contribution to the literature of the medicinal uses 
of Cuban plants but is also of value in understanding the flora of that island. Fully 
informed in the popular medical history and entirely competent in the botany of 

^Guggenheim, PauL An anthropological campaign on Ancbitka. Sci. Monthly 61; 
21-32. iUmtr. map, 1945. 
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Cuba, Dr. Roig in the present work has lived up to his customary (‘xcellency, if not 
surpassed it. 

The format of Plantas Mcdicinalcs is good. AltJiough in the body ot the book the 
plants aiT arranged in alphabetical sequence according to some one selected common 
name, the copious cross-references and indices are so complete that no difficulty is 
encountered in tracing any of the species treated. Besides the all-imp<)rtant index to 
the scientific names of the species, there an* indices to their vernacular appellations 
in Cuba and other American countries, an arrangt‘ment of tin* plants according to 
the botanical classification of Engler & Gilg, and an ext(*nsive grouping according to 
their applications. In addition, there is a glossary to certain medical terms, and a bib¬ 
liography of 94 entries dating from 1767 to 1944 listed in chronological seciuence. 
The order generally adopted in treating the species is as follows: a preferred com¬ 
mon name in large bold-face type, the scientific name and its family in italics, syno¬ 
nymy, other vernacular names with the regions when* th(‘y are curr(‘nt, habitat and 
distribution, detailed botanical description, part of the plant us(*d, applications with 
ample quotations from other authors, remarks on allied sj)ecies, the plant’s })lac(‘ 
in industry either local or general, and bibliography. Often chapters on the active 
principal or chemical composition and therapeutic properti<*s an* submitted. These* 
discussions are set off by the* use of diverse fonts. 

The local names, botanical treatment, and in(‘dicinal uses list(‘d in Plaiitas 37cr//- 
cif Idles often serve as a valuable supplem(‘nt to those appearing in I)i*. Koig’s })n‘- 
vious important books, ])icci(niarid Botanicn tie Nombres Vidgdres Cnltados and 
Flora (ie Cuba (Dalos para sa Estadio). The botanical collections of i)r. Uoig avail¬ 
able in the herbaria of The N(*w York Botanical Gard<*n and olh(*r institutions attest 
to his ability as a discriminating botanist and ('XC(*llent field man, and his experience* 
and knowledge arc clt*arly reflect(*d in Plan fas Mrdiriaairs. This we)i'k will also s(‘i’ve‘ 
as one e>f the cardinal source*s e)f intormatieui when a moelern Flora e)f Cuba is e'ven 
tually written; and such a flora is urg(*ntly imedeel, fe)r e*x(*e*pting Britton, Wilson & 
Leein’s ince)mplete Catalogae there is still none* foi- “The* Pe*arl of the* Antilles.” 

The re*fere*nce*s to the* medicinal u.se*s at)pe*aring in PJaafas Mediriaales have* be*e*n 
painstakingly extracted frf)iii numerous authemitie's, and in many case's by Dr. Hoig 
personally fremi local .semives ned availalde in print. The elata are* brought (M)mpactly 
togethe*r. But there* remains e)ne important task still uneleuie. That is the ne*cessity 
of subjecting the plants, foi* which the*re* are nume*rc>us popular use*s and repealed 
propertie.s, to e'xacting labe)rate)ry tests in fully e*quippeel institutie)ns. This .study is 
very difficult and expensive*. It require*s the colle*(*tie)n, e)fte*n fre)m difficult situatiems, 
of ample material of the correct part e)f a particular spe*eies, transpemtation e>ve*r long 
distance.s to the laboratory whe*re* it must arrive* in ge)oel conelition, and the*n a se*e*m- 
ingly infinite series of te'sts by chemists and pharmace)logists. The'n the*re may be* 
only one succe*ss out of approximately a hundreel te*sts. Yet all this is ne*ee*ssary, for 
otherwise the myriad reference's to plant uses by savages, lay de)cte)rs, and the com¬ 
mon people individually e)r collectively, instead of being a precious heritage from 
countless generations, are a vain and value*le\ss encumbrance of the literature in 
which they appear. 

The importance of such studies is well understood by Dr, Roig, for in his ‘Trd- 
logo” he avows that one of his obj(*ctives in writing Plant as Medivinales is to induce 
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scientists to stinly the Cuban plants reputed to b(‘ medicinal or poisonous; and he 
has repeatedly called attention in various articles aiid conferences to the desirability 
of subjecting* these plants to chemical and clinical tests. He has also personally col¬ 
lected samples of some of the plants discussed in his book for analyses when the 
facilities of some of these tests have been made available to him. 

Plantas Medkinalrft is an important work, presented by a capable man, who is 
willing to iiiak(‘ improvements on his own Avork.— Joseph Moxachino. 


Proceedings of the Club 

Minutes of the Meeting of October 2, 1945. The regular evening meeting of the 
Torrey Botanical Cliih was called to order by President Seaver at the Brooklyn Botanic 
Gard(*n at H.lo ]).iri. with 28 meinliers present. 

The Minutes were approved as read. 

Two lU'w nu'inhers wcue accepted by the Club, one tor associate inein])ership, and one 
for annual nnunbership. 

Dr. Matzke moved that the Torrey Botanical Club publish in tlic Bulletin an account 
of the life ami work of Professor (\ C. Curtis who died April 10, 1945. The motion was 
carried unanimously. 

Dr. (Jraves moved, and ib*. Av(‘ry seconded, a motion to a])prove a special meeting of 
botani.sts pith the active participation of the Torrey Botanical Club early in January in 
honor of the New York Botanical CJjirden’s fifti(‘th anniversary. 

Tile re.st of the mwting time was taken up with rer>orts of summer field experiences. 
Dr. Small reported on the field tri]>s of the Clnb. Dr. Shull reported on the summer work of 
the committee working to preserve Island Beach in its natural state. Dr. J^ela Barton told 
of three week.s* visit in Guatemala and at Merck ami (k)m]>ay’s (fincliona plantation there. 

The meeting was adjimrned at 9.21) p.in. and refreshimuits Were served. 

Respectfully submitted, 

Francks K. Wynne, 
Recording Secretary 

Minutes of the Meeting of November 7, 1945. The regular evening meeting of the 
Torrey Botanical CJnh was calk'd to order by Pre.sideiit Seaver at llimter College at 8.15 
p,ni. with 4P immilKTs and friends present. 

The minutes were ap]»roved as read. 

Two ]»ersons were unanimously elected to annual membership. 

There was no business, so the remainder of the meeting time consisted of a scientific 
program by Dr. Bassett Maguire: ^Mfiant Collecting in th(' Desert and Mountain Regions 
of Nevada.'’ The sp(‘aker’s abstract follows: 

The New York Botanical Garden-Utah State Agricultural College Intermoun¬ 
tain Region field study for 1945 was made in south-central Nevada and adjacent 
(’alifoniia. For more than three and one-half months, intensive collecting was cur¬ 
ried on in the Quinn (’anyun, the Monitor, Toquima, Toiyabe, and Shoshone Ranges, 
and iiit<‘rvening low desert areas in Nye County, the Silver Peak Range, Esmeraldo 
County, and the White Mountains in Inyo and Mono Counties, (California. 

Rcjiort on the itinerary, the terrain and vegetation was made by mt'ans of koda- 
clirome slides. 

After the showing of ex’cellent kodachrome pictures, there was considerable discussion. 

The meeting p^is adjourned at 9.45 p.in. and tea was served by the Hunter Faculty. 

Respectfully submitted, 

Frances E. Wynne, 

Bf cording Secretary 
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(See also under Morphology: Krdtnian; Martens) 
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S 1945. 
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47: 405. 18 D 1945. 

Beetle, A. A. The genus Isolepis R, Br. Am. Midi. Nat. 34; 723-734. 15 N 1945. 
Beetle, A. A. A new section Microphyllae in Ayrostis. Bull. Torrey (’lub 72: 
541-549. /. 27 N 1945. 

Bell, F. H. The genus Ranunculus in West Virginia. Am. Midi. Nat. 34: 735- 
743. 15 N 1945. 

Benson, L. Nomenclatorial recombinations in Trifolium and Opuniia, I./eafl. W. 
Bot. 4: 209, 210. 6 N 1945. 

Berg, A. Diatomeon von der Sophia-Expedition in Jahre 1883. Ark. Bot. 32Ai: 
1-34. pi. 1--8. tables IS. 28 Au 1945. 

Boivin, B. Notes sur le genre Rosa dans Ic (Quebec. Nat. ("anad. 72; 225-228. 
Jl-Au 1945. 

Burkart, A. La Piperacea mds austral en le Ref>ublica Argentina. Darwiniana 
7: 171-173. i /. 15 O 1945. 

Castellanos, A, Bromeliaceae argentinae novae vel critica<*. VT, IJlloa 11: 135- 
151. /, IS. 15 S 1945, 

Cheney, B. H. Medicinal herbaceous species in tlH‘ northeastern United States. 
Bull. Torrey Club 73: 60-72. Ja 1946. 

Clark, L. A Svihla, B. D. Frullania strata. Brologist 48; 187-189. /. ISO. 
D 1945. 

Clausen, B. T. A review of the status of .several American species of Dalea. 
Bull. Torrey Club 73: 80-85. Ja 1946. 

Conard, H. S. The Atracheata (Bryophyta) of Iowa. III. Mosses and persons in 
Iowa. A summary of the literature of mosses in Iowa. Bryologist 48; 161- 
170. D 1945. 

Conard, "EL B, et ah The Bryophyte herbarium. A moss collection: preparation 
and care. Bryologist 48: 198-202. f. 1, 1) 1945. 
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Core, E. L. On the need for revision of the International Code of Botanical 
Nomenclature. Castanea 10: 110-119. I) 1945. 

Core, E. L* Ramps. Castanea 10: 110-112. 7 fg, 1) 1945. 

Covas, Q. & Schnack, B. El valor taxondinieo de la lelacion ^^Tiongitud del pia- 
tilo: Yolumen del grano de polen.’’ Darwiniana 7: 80-90. 15 O 1945. 
Cronquist, A. Notes on the Compositae of the northeastern United States. II. 

Heliantheae and Ilelenieae. Rhodora 47: .396-40H. 18 D 1945. 

Cronquist, A. Studies in the Sapotaceai—TV. The North American sj>ecies of 
Manilkara. Bull. Torrey Club 72: 550-562. 27 N 1945. 

Damann, K. E. Plankton studies of Lake Michigan. Am. Midi. Nat. 34: 769- 
796. f, 1-iU ir> N 1945. 

Deam, C. et a1. Indmnn jdant distribution records, V. 1944. Proc. Ind. Acad. 
64: 91-99. 1945. 

IlUgand, A. Noticias botanicas colombianas, V. Caldasia 3^*: 357-361. illust. 
20 S 1945. 

Dntilly, A. A Lepage, E. Cou]) d’oeil sur la flore subarcticpie du Quebec de la 
baie Jonies au lac Mista.ssini. Nat. Canad. 72: 185-224. /. 7—6. Jl-Au 1945, 
266-288. f. 7-70. S-0 1945. 

Dwyer, J. D. The taxonomy of the genus Soitvaffpsia (Ochnaceat*)* Bull. Torrey 
Club 72: 521-540. /, 7. 27 N 1945. 

Enrons, R. W. A revision of the Central American species of SmiJacina. .\nn. 

Mo. Bot. Card. 32: 395-410. pi 1S\ 79. + /. I. N 1945. 

Erickson, R. O. The Cl'mitds Fri'moulii var. Fffhtii population in the Ozarks. 

Ann. Mo, Bot. Card. 32: 413-460. /. 7-j'J. N 1945. 

Femald, M. L. sometimes .stands for Indiana. Rhodora 47: 404, 405. 

18 1) 1945. 

Fors, J. M, KI AUnriirs insperma eu ('uba. Rt‘v. vSoc. (hjb. Bot. 2: 102, 103. 
ilhhst. dl-Au 1945. 

Gilbert, W. J. Rtudi»‘s on Philippine Chlorophyceat'—II. Survey of literature and 
list of reeord«*d species ])rior to 1940. Bull. Torrey Club 73: 73-79. Ja 1946. 
Goodspeed, T. H. (Vtotaxonomy of Xicotiava. Bot. Rev. 11: 533—592. I) 1945. 
Gould, F. W. Additi(ms to the flora of Utah. Leafl. W. Bot. 4: 212, 213. 6 N 
1945. 

Graff, P. W, Additions to the llora of Greenville County, South CaroHiia. Cas¬ 
tanea 10: 93-103. 1) 1945. 

Grondona, E. M. Las es])eci«‘s argeiitinas del genero Moruuna (Polygalaeeae). 
Parwiniana 7: 1-37. f. 7-7 J. 15 () 1945. 

Habeeb, H. Some mosses from Windsor, Nova Scotia. Rhodora 48: 1-4. Ja 1946. 
Henrard, J. T. New grasses from Suriname, Med. Bot. Mus. Utrecht 86: 141- 
146. illust. 1942. 

HemaJidez, F. La flora maravillosa de Tepoztlan. Bol. Soc. Bot. Mex. 3: 13-15. 
0 1945. 

Hernandez Xolocotzi E. Notaa sobre las palinas de Mexico. Bol. Soc. Bot. 
Mex. 3: 3, 4. O 1945. 

Hitchcock, C. Leo. The South American species of LcpitUnm. Lilloa 11: 75-134. 
/. 7-4/, 15 S 1945. 

Hitchcock, C. L. A Thompson, J. W. Noteworthy plants of Idaho. lieall. W. Bot. 
4: 197-206. 6 N 1945. 

Howell, J. T. New varieties of Calyplridhm Parryi. Leafl. W. Bot. 4: 214-216. 
6 N 1945. 
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Howell, J. T. Some weedy species of Lathyrus. Leafl. W. Bot. 4: 213, 214. 
6 N 1945. 

Howell, J. T. Studies in Carex-^l. Leafl. W. Bot. 4: 206-208, 6 N 1945. 

Hull, E. D. Campanula rapunculoidea in Indiana. Rhodora 47: 404. 18 D 1945. 
Johnson, B. L. Cyto-taxonomic studies in Oryzopms. Bot. Gaz. 107: 1-32. /. t—8^. 
28 S 1945. 

Jonker, F. P. The genus Jusftieua L. (Oenotheraceae) in Suriname. Med. Bot. 
Mus. Utrecht 83: 147-150. /. 1. 1942. 

Jonker, F. P. Remarks on the South American species of the genus Casaipouna 
(Rhizophoraceae). Med. Bot. Mus. Utrecht 84: 37.3-377. 1942. 

Kearney, T. H. A new name in Asirayaluti, Leafl. W. Bot. 4: 216. 6 N 1945. 
Keng, TLLi Keng, Kwan-Hou. KokonorUiy a new genus of Plantaginaceae 
from Tsinghai Province, China. Jour. Wash. Acad. 36: 374-378. /. 1-17, 
15 D 1945. 

Krapovlckas, A. El g6nero Keobarlea (Malvaceae) y su distribueion geogr4fica 
en la Republica Argentina. Darwiniana 7: 108-112. pi. 7. + /. 7, 15 O 

1945. 

Leake, D. V. The algae of Crystal Lake, Cleveland County, Oklahoma. Am. Midi. 
Nat. 34: 750-168. 15 N *1945. 

Leon Fr^rc. fitudes taxonomi(pies sur la flore de Cuba. V. Xouveaux Anaafraphia 
de la flore cubaine. Contr. Inst. Bot. Univ. Montreal 49: 77-86. /. 1—1. 
1944 [1945]. 

Lepage, B. The lichen and bryophvte flora from James Bay up to Lake Mistassini. 
Bryologist 48: 171-186. D 1945. 

Looser, O. El genero Notholacna en Chile. Darwiniana 7: 62-70. 1 pi. 15 O 1945. 
Looser, G, Lista provisional de las pteridofitas (helecbos) de la provincia de 
Coquimbo, Chile. IJlloa 11: 55-73. 15 S 1945. 

Looser, G. Sobre la pteridofita argentino-chilena Lycopodium confcrtum. Lilloa 
11: 5-13. pL 7-/. 15 8 1945. 

Marle-Victorin, Frere. i^tudes taxonorniquea sur la flore de Cuba. I. Mise au point 
sur les Lobeliacees de Uile de Cuba. (kmtr. Bot. Univ. Montreal 49: 3-18. 
f. 1-5. 1944. |1945j. 

Marie-Victorin, Frere. Etudes taxonomiques sur la flore d(‘ (Hiba. II. Les Cascaria 
ilicoidcs de File de Cuba. Contr. Inst. Bot. Univ. Montreal 49: 19-56. 
/. 1-16. 1944 [1945]. 

Marie-Victorln, Frere. fitudes taxonomiques sur la flore dc C-uba. HI. h'Acacia 
serpenfinicole dc Moa. Contr. Inst. Bot. Univ. Montreal 49: 57-67. f. 1~7. 
1944 [1945]. 

Marie-Victorin, Fr^»ro. fitudes taxonomiques sur la flore de Cuba. IV. Un nouveau 
Laplacca nerpcntinicolc, Contr. Inst. Bot. Univ. Montreal 49: 69-75. f. 1. H. 
1944 [1945]. 

Martin, A. 0. Instability in scientific names of plants. Am. Midi. Nat. 34: 799, 
800. 15 N 1945. 

Mathias, M. E, & Constance, L. Ilmbelliferae [conclusion]. N. Am. Flora 28B: 
161-295. 28 D 1945. 

Moldenke, H. N. The known geographic distribution of the members of the Ver- 
benaceae and Avicenniaceae: Supplement 4. Am. Jour. Bot. 32: 609-612. 
/. l-$. 30 N 1945. 

Monachino, J, A revision of Hancornia (Apocynaceae). Lilloa 11: 19-48. 15 
S 1945. 
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Munill, W. A. A white blackberry. Jour. Hered. 36: 217, 218. 1 f. 1945. 

Paray, L. Nuevas localidades de algunas plantas. Bol. Soc. Bot. Mex. 3:16, 17. 
O 1945. 

Pittier, H. Lejijumiiios de Venezuehi, I, PapilionAceas. Servicio Bot. [Caracas] 
Bol. Tec. 6: 1-171. pi. 1--8U f, 1-59. S 1944. 

Pittier, H. et ah Catalogo de la flora venezolana. 1. 3a Confercncia Interameri- 
cana de agricultura 20: 1-423. 1945. 

Ponce de Le6n, A. doyas de la flora cubana. El dagame (Calycophyllum canclidu- 
simum D. 0,). Rev. Soc. Cub. Bot. 2: 99. illust. Jl-Au 1945. 

Baup, H. M. Pliytogeograj)hic studies in the Athabaska Great Slave Lake Region. 

II. Jour. Arnold Arb. 27: 1-85. ph 1-5. vf. J--6. 15 Ja 1945. 

Bickett, H. W. Bibliography: Volume 28 B [North American Flora]. N. Am. 
Flora 28B: 317-374. 28 D 1945. 

Bickett, H. W. Cornales. N. Am. Flora 28B: 297-316. 28 D 1945. 

BoldAn, A. El nogal de nuez enearcelada en el Valle de Mexico. Bol. Soc. Bot. 
Mex. 3: 9-12 /. 1. O 1945. 

Boldan, A. Un arbol (pie se extingu(‘ en la Canada de Contreres, D. Bol. Soc. 
Bot. Mex. 3: 5, 6, O 1945. 

BoUand-Q^rmain, Frerc. V\\ Lyroputt endemique de I'estuaire du Saint-Laurent. 

Nat, Canad. 72: 177-184. 4 f. Jl-Au 1945. 

Sharp, A. J. Not as sobn* la Horn del centro de Chiapas. Bol. Soc. Bot. Mex. 
3: 7. O 1945. 

Schnooberger, I. & Wynne, F. E. The Itryophytc^s of Shenandoah National 
Park, Virginia. Bull. Tornw Club 72: 506-520. 27 N 1945. 

Schweinfurth, C. A new small flowered Jirastda. Am. Orchid Soc. Bull. 14: 248- 
250. j pi. N 1945. 

Schweinfurth, C. A novel Miltonin from Peru. Am. Orchid Soc. Bull. 14: 294- 
290. 1 ph 1) 1945. 

Shaver, J. M. Tenne.ss(e sfileenworts TI. Jour. Tenn. Acad. 20: 326-362. f. 71- 
91. 0 1945. 

Smith, A. C. Studies of South American plants, XL Noteworthy species of Hip- 
pocrateaceae and Vac'ciniact'ae. Jour. Arnold Arb. 27: 86-120. f. 1-f. 15 
Ja 1940. 

Standley, P. C. Notes on s(»me (luateinalan trees. Trop. Woods 84: 1-18. 1 1) 

1945. 

Swart, J. J, A monograph of the genus Vrotiimn and some allied genera (Bnr- 
seraeeae). Med. Bot. Mus. Utrecht 90: 211-446. f. 1—7. 1942. 

Swart, J. J. Novitates Burseracearum. Med. Bot. Mus. Utrecht 89: 189-210. 
1942. 

Taft, C. E. The desmids of the west end of Lake Erie. Ohio Jour. Sci. 45: 180- 
205. ph 1-0 S 1945. 

Tamayo, F. l^iits especit^s argentiiias del geiiero Machaerium. Darwiniana 7: 
120-137. f. 1-4. 15 0 1945. 

Tamayo, P. TTna familia de plantas niiova para Venezuela, con observaciones 
sobre epifitismo y parasitisino, Bol. Soc. Venez. Ci. Nat. 1: 165-169, 1 My 
1932, 

Uribe-XTrlbe, L. Espccies nuevas o notables del genero Inffa en Colombia. Cal- 
dasia 3•^• 345-356. ph 7, 20 S 1945. 

Whelden, B. M. Notes on Argentine Charas. Farlowia 2: 305-308. /. 1-5. Ja 

1946. 
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White, 0. T. The Australian species of Antirhea, and a new name for a Cuban 
species. Jour. Arnold Arb. 27: 121, 122. pi, 1, 15 Ja 1946. 

Williams, E. S. Una coleceidn de inusgos de los Andes venezolanos. Bol. Soc. 
Venez. Ci. Nat. 2: 172-177. 31 Ja 1934. 

Wolf, W»xQu€rcus capesii: a supplementary note. Oastanea 10: 120. D 1945. 
Zaneveld, J. S. Some notes on Charophyta, collected in the Netherlands West 
Indies, North Venezuela and Colombia. Med. Bot. Mus. THrecht 82: 141- 
146. 1942. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See also under Plant Physiology; Levine) 

Avery, G. S., Piper, M. & Smith, P. Cell number in successive segments of Avena 
coleoptiles of dfferent ages: materials for the biochemist. Am. Jour. Bot. 
32: 575-579. /. 1, 2, 30 N 1945. 

Carlson, hC. C. Megasporogenesis and development of the embryo sac of Cypri- 
pedium parmflorum. Bot. Gaz. 107: 107-114. /. 1-]8. 28 S 1945. 

Chrysler, M. A. The shoot of Bol ry chi urn interj) reted as a series of dichotomies. 

Bull. Torrey Club 72: 491-506. /. 1-3S, 27 N 1945. 

Cooper, W. C., Burkett, A. L. k Herr, A. Flowering of Peruvian cube, honcho- 
carpus ntilis A. C. Smith, induced by girdling. Am. Jour. Bot. 32: 655-657. 
/. 7, D 1945 |Ja 1946]. 

Erdtman, G. Pollen morphology and plant taxonomy. 11. Notes on some mono- 
cotyledonous pollen types. Svensk Bot. Tids 38: 163-168. f. 1, 2, 1944. 
III. Marina L, With addition on pollenmorphologicai terminology. 39: 
187-191, f 1-9, 1945. IV. Labiatae, Verbenaceae ami Avicenniaccac. 279- 
285. /. IS, V. On the occurrence of tetrads and dyads. 286-297. /. 1-2, 
Frier, F. Kelacion entre la anatomia foliar del genero Neurolrpitf (Gramineae) 
y 8u posicion sistemdtica. Darwiniana 7: 103-107. 15 O 1945. 

Gayio, H. S. Anomalias cn el androceo del seibo (Erythrina crista-galli L.). 

' Darwiniana 7: 113-119. pi. 1 4 /. 1-3. 15 O 1945. 

Lawalrde, A. La multiplication vegetative des Ijemnacees, eii particulier chez 
Wolffia arrhiza. (Recherches einbryologiques et cytologiques.) Cellule 49: 
337-382. pi. IS. -I /. 1-23. 1943. 

Limbach, J. P. k Paul, B. H. Variation in the specific gravity of balsa and its 
relation to longitudinal shrinkage. Trop. Woods 84: 18-23, 1 D 1945. 

Iiizer y Trelles, C. A. & MoUe, C. C. tlstructura anatomica de filocecidias neo- 
tropicas. Lilloa 11: 153-187. pi, 1-21 + /. 1-31. 15 H 1945. 

Looby, W. J. k Doyle, J. Fertilization and early embryogeny in Podocarpus 
andinus, 8ci. Proc. R. Dublin Soc. 23: 257-270. pi. 11-14, Au 1944. 
Looby, W. J. k Doyle, J. The gametophytes of Podocarpus andinus. Sci. Proc. 

R. Dublin Soc. 23: 222-237. pi. 6-9. Au 1944. 

Martens, P. k Pirard, N. Les organes glanduleux de Polypodium virginianum L. 

II. Structure, origine et signification. Cellule 49: 385-406. pi, 1-3. 1943. 
Martinez Crovetto E. Nuevos casos teratologicos en Gramineas. Darwiniana 
7: 91-102. f, 1, 2, 15 O 1945. 

Miller, H. A. A Wetmore, E. H. Studies in the developmental anatomy of Phlox 
Drummondii Hook. I. The embryo. Am. Jour. Bot. 32: 588-599. f. 1-44. 
30 N 1945. II. The seedling. 628-634. /. 1-12. D 1945 Ja 1946. 
Skottsberg, C. The flower of Canthmm, Ark. Bot. 32A^': 1-12. f, 1S3, + tables 
1, 2. 16 N 1945. 
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Tortorelli, L. A. La disposici^n estratificada de los elemeutos leuosos en al ibira- 
itA {MneUera Glaziovii). Darwiniana 7: 58-61. pL 1. O 1945. 

Venning, F. D. Accessory vascular bundles in Miirraya Jcoenigii (Linn.) Spreng. 
(Rutaceae: Aurantioideae). Jour. Wash. Acad. 36; 3.52-356. /. 7-7,^. 15 N 
1945. 

Webber, I. £. The wood of Amhf lania laxa Muell. Arg. Lilloa 11: 49-53. ph 
1, 16 N 1945. 

Welch, Walter B. (3catrizution in leaves of Brynphylluyn calycinvm. Bot. Gaz. 
107: 95-106. /. 7-57. 28 H 1945. 

Whittenberger, R. T. ft Kelner, A. Rubber in Cryptostegm leaf chlorenchynia. 

Am. Jour. Bot. 32; 619-627. f. 7-7/. D 1945 [Ja 1946]. 

Wright, J. W. Epidermal characters in Fraxmim. Proc. Tnd. Acad. 64: 84—90. 
pf. 7, 5. 1.945. 

PLANT PHYSIOLOGY 

Avery, O. S. ft Pottorf, I*. Polyploidy, auxin and nitrogen in green plant tissue. 

Am. Jour. Bot. 32: 669-671. I) 1945 (Ja 1946]. 

Avery, O. S. ft Pottorf, L. Auxin and nitrogen relationships in green plants. 

Am. Jour. Bot. 32: 666-669. D 1945 | Ja 1946]. 

Erickson, L. C. Tin* water factor in transplanting guayule. Am. Jour. Bot. 32: 
634-643. /. 1 - 10 . 1) 1945 (Ja 1946]. 

Levine, M. 1'he effect of colchicine and acenaphthene in combination with x-rays 
on plant tissue. I. Bull. Torrey Club 72: 563-574. 27 N 1945. II. 73; 
34-59. /. I-IS. Ja 1946. 

Levring, T. The oxidation and assimilation of acetic acid by Tornla utilis. Ark. 

Bot. 32A': 1-11. /. I-fi. tables /-J. 28 Au 1945. 

Levring, T. Some experiments on the conversion of acetic and lactic acid with 
baker’s y(*ast. Ark. Bot. 32A'‘: 1-24. f. 1—0. tables 1—11. 28 An 3945. 
lUlhnell, E. Keimungsv(‘rsuclie niit Pyrolasamen. Symb. Bot. Upsal. 6®: 1-37. 
/. 1-6. i pi. /, + tables 1-S. 1942. 

McDermott, J. J. The effeet ()f the moisture content of the soil iipon the rate of 
exudation. Am. Jour. Bot. 32: 576-574. /. 7-5. 30 N 1945. 

Mitchell, J. W. ft Brown, J. W. Effect of 2, 4-dichloropheiioxyacetic acid on the 
readily available carbohydrate constituents in annual morning glory. Bot. 
Gaz. 107: 120-129. /. 1-J. 28 S 1945. 

Osterhout, W. J. V. Water relation.s in the cel). 1. The chloroplasts of Xitrlla and 
of Spin^gyra. Jour. Gen. Physiol. 29: 73-78. f. 7, 5. 28 N 1945. 

Scully, N. J., Parker, M. W, ft Borthwick, H. A. Interaction of nitrogen nutri 
tion and phot(»period as expressed in bulbing and flowerstalk development of 
onion. Bot. Gaz. 107; 52-61. f. 1-S. 28 S 1945. 

Stout, M. Translocation of the reproductive stimulus in sugar beets. Bot. Gaz. 
107: 86-95. /. 1-4. 28 S 1945. 

Went, F. W. ft Gosper, L. Plant growth under controlled conditions. VI. Com¬ 
parison between held and air-conditioned greenhouse culture of tomatoes. 
Am. Jour. Bot. 32: 643-654, /. 1-10, I) 1945 [Ja 1946]. 

Whittenberger, B. T. Silicon absorption by rye and sunflower. Am. Jour. Bot. 
32: 539-549. f. 7, 5. 36 N 1945. 

Wiken, T. ft Agren, G. Studies on the growth of Fhyctouyces Blalesleeanus in 
connection with determination of the thiamin inactivating fish factor. Ark. 
Bot. 32A": 1-19. /. 7-4.-f tables 1-9. 16 N 1945. 

Wilson, J. K. The symbiotic performance of isolates from soybean with species of 
Crotahiria and certain other plants, (^ornell Exp. Bta. Mem. 267: 3-20. 
tables 7, 5. Mr 1945. 
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GENETICS 

(including cytogenetics) 

(see also under Mycology & Phytopathology: McKinney & Clayton; LeCIerg) 
Castronovo, A. Estudio cariologieo de doee especies de Legiiminoaas argcntiiias. 

Darwiniana 7: 38-57. /. 1, 2, 15 O 1945. 

Chilton, S. JT. P., Lucas, G. B. h Bdgerton, C. W. Genetics of Glomcrella. III. 
Crosses with a coiiidial strain. Am. Jour. Bot. 32: 549-554. f. 30 N 
1945. 

Johnson, B. L. Natural hybrids between Orifsopsis hymenoidvs and several spe¬ 
cies of Stipa. Am. Jour. Bot. 32: 599-608. /. 7-7 7. 30 N 1945. 

Johnson, L. P. V. Reduced vigour, chlorophyll deficiency, and other effects of self- 
fertilization in Pimis, Canad. Jour. Res. 23C: 145-149. /. 7. O 1945. 
Bandall, T. E. & Rick, C. M. A cytogenetic study of polyombryony in Asparagus 
officinalis L. Am. Jour. Bot. 32: 560-569. /. 7-.V. 30 N 1945. 

Riley, H. P. Inheritance of the main anthocyaiiin pigmentation and some of its 
patterns in flowers of Xrmcsia stnimosa. Bot. Gaz, 107: 32-52. /. 7—/. 
28 8 1945. 

Rollins, R. C. Evidence for genetic variation among apomictically produced jilants 
of several Fj progenies of guayule {Parilunium arpvnlaium) and mariola 
(Parthenium incanum). Am. Jour. Bot. 32: 554--560. f. 1—8, 30 N 1945. 
Schlehuber, A. M. Inheritance of stem character's in certain sorghum varieties 
and their hybrids. Jour. Ilered. 36: 219-222. / /. 1945. 

Schnack, B. A Covas, G. Hibridacion interspecifica on Glandularia (Verlien 
dccas). Darwiniana 7: 71-79. pi, l,f>, f. I-J', 1f> O 1945. 

Stout, A. B. Classes and types of intraspecific incompatibilities. Am. Nat. 79: 
481-508. N. 1945. 

MYCOL-GGY & PHYTOPATHOLOGY 
(s(‘e also under Morphology: Lixer y Trelles & Molle 
AUington, W. B. Wildfire disease of soybeans. Phytopathology 36: 857-869. 
/. 1-4. N 1945. 

Briceffo-Iragorry, L. Notes sobre micologia. Bob Soc. Venez. Ci. Nat. 1: 407- 
410. 1934. 

Chardon, C. E. A Toro, R. A, Exploraciones micologicas (ui Vem>zuela. Bol. Hoc. 
Venez. Ci. Nat. 1: 281-291. 1 Au 1932. 

Cochrane, V. W, The common leaf rust of cultivated roses, camsed by Phnuj- 
midium miirrovotum (Fr.) fechlecht. Cornell Exp. Hta. Mein. 268: ]-39. 
/. 1-i), tables 7-7.9. Mr 1945. 

Costa, A. S. The relationship between American tobacco streak and Brazilian 
Necrose Branca’^ or *^Couve.Phytopathology 35: 1029, 1030. /. 7. 
D 1945. 

Drechsler, C. A nematode-destroying phycomycete forming immotile spores in 
aerial evacuation tubes. Bull. Torroy Club 73: 1-17. f, 1-86. Ja 1946. 
Fife, J. M. & Carsner, E. Tip burn of sugar beet with special reference to some 
light and nitrogen relations. Phytopathology 35: 910-920. /. 1-3. N 1945. 
Porbes, I. L. A Mills, P. J, Movement of mosaic virus through sugar-cane seed 
pieces. Phytopathology 36: 705-709. /. 1. S 1945. 

Hanson, A. M. A morphological, developmental, and cytological study of four 
saprophytic chytrids. II. Ehisophydivm corortvm Hanson. Am. Jour. Bot. 
32: 479-487. /. 1-6L O [9 N] 1945. 

Harrington, H. D. Some host plants of Comandra umbellata in Colorado. Am, 
Midi. Nat. 34: 797, 798. 15 N 1945. 
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Hesler, L. R. Notes on Southern Appalachian fun^i. VIT. tlonr. Tenn. Acad. 20: 

O 1945. 

Hewitt, W. B. A graft-transinissihle mosaic disease of grapevine. Phytopathol¬ 
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PROPOSED NAMES FOR THE PHYLA OF ALGAE 

George P. Papenfi^ss 

the term Thallophyta’ is still useful as the inclusive name for 
a number of ^^roups of ])lanfs of a certain morphological level, it has long 
been rec^ognized that this name has become obsolete as a phyletic designation. 

The algal compoiieut of the Thallophyta has been variously subdivided 
by dilferent writers into a number of phyla. The system which for a long 
time was followed was that of Engler in the third and subsecpient editions of 
Engler and Gilg’s Sjfllahiis der Pflinizenfamilien. Finally, Engler arranged 
the algae under nine i)hyla as follows: Schizophyta, Plagellatae, Dinoflagel- 
latae vimdiiding jmssibly his 8ilieoflagellatae), Bacillariophyta, Conjugatae, 
Ghlorophy(*eae, (.'harophyta, Phaeophyceae, and Rhodophyceae. 

With the advan(*e of knowledge it has become increasingly clear that this 
arrangement is also to he abandoned. At present there are two systems: 
That of Pascher (1931^’ and earlier papers), which has become well-known 
through its ado})tion, with slight modification, by Smith"*; and that of PVitseh 
as outlined in the first volume of his w^ork. The structure and reproduction 
of thr Algae (1935, pp. 4-11). 

Pas(*hei’ <livides the algae into the following eight phyla: Chrysophyta, 
iMiaeo[diyta, Pyrrhophyta, Euglenophyta, Chlorophyta, CJharophyta, Rhodo- 
])hyta, and Gyanophyta. Fritsch on the other hand does not assign the algae 
to phyla, but arranges them under eleven classes as follows: Ghlorophyceae, 
Xantho[)hyceae, (9iryso[)hyceae, Hacillariophyceae, Gryptophyceae, Dino- 
phyceae, Ghloromonadineae, Euglenineae, Phaeophyceae, Rhodophyceae, 
and Myxo])hyceae. Both Fritsch and Smitli look upon Chara and its allies 
as forming a category of the true green algae. 

Inasmuch as class is a category below the level of phylum and since there, 
at present, is no justification for looking upon all algae as composing a single 
phylum, the system of Frits<*h does not constitute a complete and \vell- 
rounded arrangement. 

The system of Pascher thus remains as the one which is most acceptable. 
The phyletic names used by him were re(*ently criticized, however, by Papen- 
fuss* on the ground that they do not contain the old and well-established 

1 First proposed by ITnger in 1838, according to Just (Bot. Ecv. 11: 302. 1945), but 
brought into prominence by Endlicher in his Genera Plancarum (1836-1840). 

2 Beih. Bot. Centralbl. 48: 317. 1931. Some of the names used by Pascher were first 
proposed by Wettstein {Ilandhnch dcr sysicmatischen Boland:^ 1901). 

3 Crj'ptogamic Botany, Vol. 1. 1938. 

^ Ma^lrofio 7: 226. 1944. 
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connotation “phykos/’ Another objection lies in the desipiation Chloro- 
phyla as the exclusive name for a ^roiip of alfyae. 

Since names are a convenient means of referring: to things, it is desirable 
that they be distinctive. The appellations of Paseher fulfill this requirement 
to a large extent in that they terminate in “pbyta^^ and therein conform to 
the phyletie designations of other plant groups. 

If the names of algal phyla contained the connotation ‘^pliykos^^ also, 
they would have the added merit of being explicit as to the kinds of plants 
to which they apply. It is with this objective in mind that the following 
modifications of the designations of Pasher are proposed: Chrysophycophyta, 
Phaeophycophyta, Pyrrhophycopliyta, Euglenophycophyta, Chlorophyco- 
phyta, Charophycophyta,'^ Rhodophycophyta.® 

In making these names the Greek word </)Dkos, meaning seaweed, is tak(»n 
as synonymous with alga, as has been the custom for a long time. It is true 
that at first glance the names seem ponderous but with the accepted practice 
of accenting the antepenult the pronunciation is both easy and euphonious, 
for examj)le, Chloro • phy • co phy • ta. 

It may be argued that these designations are outlawed by the rule of 
priority. The same objection could, however, be raised also with respect to 
certain of the names of Paseher or of some of those currently used for 
tain other plant phyla. If the rule of priority were strictly adhered to, the 
name Thallophyta would have to be retained for one of the ]>hyla of lower 
plants. For the same reason the designation Stelophyta (cf. elusl, op. cit.) 
would be invalid as a name for vascular plants; or the name Bacillariophyta 
may have to be retained for Pascher’s Chrysophyta, which phylum, how¬ 
ever, includes, in addition to the diatoms (Bacillariophyt'cae), two (‘lasses of 
organisms which in no way could pass as diatoms. 

it is clear that the retention of outmoded phyletie names wTuild not be in 
keeping with present-day knowledge of plant relationships and, as has been 
pointed out by Jiist (op. (*it.), it be(‘omes desirable that the (juestion of the 
names of higher categories be reviewed at the next International Botani(*al 
Congress. Furthermore, it seems desirable that legislation whi(*h may be 
passed relative to these designations be flexible enough to permit i*evision 
of the names in the light of further knowledge concerning plant jdiylesis. 
University op California 
Berkeley, California 

^ In agreement with Paseher and others this group of algae is (considered sufficiently 
distinct from the true green algae to deserve the rank of phylum. 

6 The blue-green algae or Cyanophyceac are taken as constituting a class in the phylum 
Schizophyta. 
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A CURIOUS FUNGUS ON OPUNTIA 

B. O. Dodge 

While studying fun^oDs diseases of eaeti from Florida some years a^o, I 
very frequently came aeross the tiny ‘^frnitin<r bodies of a fungus which 
was quite unlike any species known to me. Thaxter, l^eck, or von Iloehnel, 
with their jrreat knowledjj:e of bizarre forms of funjri, mil’llt have recognized 
this funfrus if it had been brou»i:ht to their attention and so would have been 
able to i)oint out just where it had been described lonj^ a^o. For me it w^as 
not possible to ])lace it even iji a (dass either amon^ minute species of the 
hi<rher forms or amoiifr the Fun^d Imperfecti. The fun^ 2 :us was clearly not 
very destructive to its host, Opuntia ammophila. Since 1 hoped to find even¬ 
tually where it had been des(-ribed and to learn somethinpr more about its 
morpholojry and life history, it was not mentioned in the short articles on 
Opuntia diseases whicdi 1 published at that time (1937-1939). Miss Bass 
(lUttman, at my request, made a few sket(*hes from slide mounts which I had 
hastily ])ropare<l for the ]>\irpose. Some of these sketches, together with 
photographs taken rcctmtly for me by Mr. E. N. Mitchell of our staff, are 
reproduced in figures 1 and 2 herein. 

The little fruitinj>‘ bodies, as they may be (-ailed for convenience, consist 
of two ])arts, a stalk and a <*ap. The stalk is dark brown, about 200-500 in 
len^tli, tapeiinj? from about 40 |.i in diameter at the base to about 20 p at the 
top. It is (Mirionsly made U]) of .segments or joints simulatinjr in miniature 
the fertile stalks of the ('oniinon hor.setail, Equisctum arr( use. In both plants 
the joints can be (»asily se})arated. The drawiu<»:s and ])iioto‘rraphs (fi^s. 1, 2) 
show that the rind, or outer layer, of the top sejrnients of the stalks either can 
be slip])ed off fi*<nn the (-ore, which is .solid, or it develops after the cap is 
dislodjjred. The hyjiliae which com})ose the outer wall as well as those of the 
core seem to ^i-ow more or l(^ss parallel up the stalk. Since the hyphae of the 
rind at least of one sejjment do not continue slraijjrht into the next sejrment, 
it may be (althoujrh I have no direc-t eviilence for this) that each segment, as 
it forms, develojis its own cap, whi(di as it matures is ]uished off or thrown 
off. After this occurs the stalk cells may proliferate or ref^eiierate and so 
f^row up to make another sep:nient, which in turn would develop a cap, throw 
it off, and send up a third joint, and so on. The photographs show at least 
ten joints in some of the stalks. 

One reason why one finds so many little caps lyinpf directly in contact 
with the surface of the caidus pad, entirely apart and at some distaiu^e from 
the stalks on which they ori{?inally jrrew, is the ease with which these caps 
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can be dislodged and so go sailing off to land elsewhere. We found on the 
cactus pads, as they arrived from Florida, many stalks which had lost their 
caps. It may be that through the cooperation of the thrust of the upward- 
growing stalk-hyphae and the highly elastic shell of the attached cap, the 
latter would be thrown off with some force when the connection between cap 
and stalk is broken. Anyway, this would be good material for observation 
and experimentation on the discharge of propagating bodies. 

The caps are dark brown, almost black. They measure 50-80 (j in diam¬ 
eter; they are about 20-25 g in thickness, somewhat concavo-convex in shape, 
the edge thick, something like a minute doughnut, except that the hole ex¬ 
tends only partly through. This depression represents the place of attach¬ 
ment of the cap to its stalk. Those who are familiar with Boleti and have 
pulled a stalk from its pileus will have no trouble in visualizing the shape 
and parts of our little fungus. 

While mounts of cai)s show that the outer layer or covering is hard, dark 
brown, and brittle, it seems to be perforated here and there, giving a sort of 
pepper-box effect. Whether these bright si»ots are holes or only thin plac<»s 
in the chitinous outer layer is uncertain (fig. 1/). Oude cross sections of 
caps (fig. 1?) show rows of cells, about four cells to the row, extending out 
from the border of the depression on the under hhU\ Possibly th(»se radiating 
rows originate from the core cells of the stalk. Whether the common number 
four ill each of the rows has any significance is doubtful. 

Pure cultures of this fungus are very easily obtained if one simply re¬ 
moves a cap directly from its stalk with a wet needle and places it on the 
surface of an agar medium in a plate. Within two or three days branched 
septate hyphae grow out from the cap. From which cells of tlu* cap these 
germ tubes actually arise was not determined. Transfers can be made to tube 
cultures by cutting off the ends of these hyphae or by transferring the whole 
cap with its outgrowths, if there appear to be no contaminants present. After 
three or four weeks one finds that t^ie fungus has developed real stalks which 
grow up from small mounds or knots of mycelium. These stalks may appear 
singly or in groups of five or six. In only a few (*ases did typical (‘aps develop 
sufficiently to prove absolutely that we had pure cultures of the fungus taken 

Fig. 1. a, Habit sketch to show Trriopilem Opunfiae as it grows oi» tlie edge of a 
cactus pad, seen with a binocular dissecting mieroscope. The caps of some stalks have 
been dislodged. A stalk with four segments; the outer layer or shell of the top segment 
either had been slipi)od off or had not formed as yet. c, Surface view of one short segment 
with details seen by the artist, d, c, Uross and longitudinal sections showing the core and 
rind of a segment. /, Cap seen from above and showing the pinhole-like spots, g, A similar 
cap viewed from th(‘ under side, sliowing the depression where it had been detached from 
its stalk, h, Ahother view from below showing the pinholes in the upper surface of the 
cap as the mieroscope was adjusted to bring this surface into focus, i, Crude section of a 
cap showing the rows of cells extending outward from the region of attachment of cap to 
stalk, h-h, X 550, 
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from the cactus. The stalks that developed in these cultures were not sej^- 
mented or jointed. This may indicate that stalks made up of sefifments de¬ 
velop only with the successive formation of cai>s, one after the other, as 
sufZ’^ested previously. 

It nifiy be that in nature, under certain ('onditions minute spores are 
finally developed inside the caj), after which they are sifted out throu^di the 
pores. On the other hand, these ]>ores or thin places in the outer wall may 
be a provision for the emergence of i»‘erm tub(‘s which would otherwise be 



Pio. 2. a, Photograi)h of a stnlk having nine soginonts; tho dislodgod cap viewed from 
the under side i.s at the left bidow. x 20(K h. Fragment of the cactus pad bearing eight 
stalkn of the fungus. The caps, if originally present, \ver(‘ dislodged when tlie mount was 
made, x 75. c, A rather small cap viewed from the under sidi' showing faintly the radiat¬ 
ing rows of colls seen through the chitinous outer cover of the caj). x 1150. d, The stalk at 
the left center in b is shown here more enlarged. It has ten segments, k 2(M). 


unable to penetrate tlie (diitinous outer membrane of the cap. So far as 1 
have discovered, the cap serves, just as we find it, very well as an organ of 
propagation. It is readily blown oft* or discharged from its stalk, perhaps 
with some force, so that it is carried away to a new feeding ground where it 
germinates. 

Many fungi produce bulbils or minute selerotia whicli serve in place of 
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S[)ores. Liverworts develop jiremmae, and the editor reminds me that some 
liehens produce soredia. Perhaps our fuiifrus, in the staj?e in which we find 
it, is the sterile form of some lichen like Calicium. The coarse brown cells at 
the joints of the sejiinents of the stalk of our fun{»:us sometimes <rrow out 
freely a short distance into the air. T have frecpiently found a few sjames, 
usually brown and two-celled, associated with similar coarse hyphae aroiind 
the base of the stalk. Furthermore, one sometimes fitids cactus pads bearin<i’ 
short bristle-like (‘oarse brown liyphae arising? either sinjily or in p:rou])s of 
three or four from the pads. One at first easily mistakes these bristles for 
stalks of our fungus. ^licroscopic examination, however, proves tJiat these 
bristles are composed of single hyphal threads made up of rows of thi(*k- 
wall(‘d cells. We have in the Gasteromycetes the ^^enus Myri(jsfoina ajul a 
CalraiUi with a well-defined stalk. These similarities arc, of course, merely 
aualo<ries or a(M*ideiital parallelisms. 

1 am indebted to Dr. David H. Linder for su<jr^estions on the {j:roup to 
whi(*]i this fun<rus mijrht be assigned. Tie was unable to })1a(*e it, liowever. 
without further information on its life hist<u*y. l]i order tliat refei’eiu'e may 
be made to this fungus, it is named and described below. The namt* (su^- 
‘i(‘ste<l by Dr. II. W. Ri(‘kett ') r<»fers to the ])ores or thin places in the shell of 
the caj). 

Tretopileus Opuntiae Dod^e. ^en. & sp. nov. Fructihus per areolas dis- 
color(*s se^inentarum cactorum dispertis, e mycelio plus minusve subcuticu- 
lari (^xorientibus; sti])i1e articuloso segment is 1- 10 aliquando separabili, 
200~-5()0 q lon^o, 20“40 p crasso, cortice e crasso-lunit'atis brunncis hyjdiis 
st'ptatis secundum lon^dtudincm stipitis dispositis coiifecto, medulla e teniii- 
tunicatis ('cilulis similiter disp(»sitis cont(‘cta ; pileo ()()-80 p diametro, 20-80 fi 
(M-asso, ('oncavo-i‘onv(‘xo, membrana su])erfi«‘iaii ohs(*ure brunm^a, dura, chi- 
tim*a. |>lnril)us poris vel arcolis subtilibus munita, cellulis interioribns 
seriatim I’adiatiimpn* dispositis, faiuh' ah stipite disjunjz’cndo. 

On pads of OpiniHa ammophiUi and related species, P'ort Pierce, Florida, 
1087-1081). 

SiiH'c it is not (‘unvenient to continue a study of this funj.rus, the above 
jiotcs ar(‘ put on ivcord in the liope that .some mycolojrist may be(*ome inter¬ 
ested and com}>l(‘te the story, if it has md already found its place in myco- 
lo^rical literature. 

The New Vokk DoTAxirAn Garden 
New York 
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FURTHER CONSIDERATION OF GLANDULAR LEAF HAIRS 
OF TOBACCO AND OF THEIR SIGNIFICANCE' 

Frederick A. Wolf 

Prom previous studies involving: hairiness of oriental varieties of tobacco 
(Wolf & Jones 1944, Bentley & Wolf 1945), it was concluded that aroma 
seems to be traceable primarily to the exudate from glandular hairs, that 
different varieties, when grown under similar conditions, differ in hairiness, 
and that both hereditary and environmental factors are interdependent in 
controlling the population of leaf hairs. Apparently the range of variability 
is governed by hereditary factors, and environment determines the ])osition 
of the variant within this range. Moreover it was concluded that a measure 
for evaluating 'potential amount or (piantity of arorna of a given leaf before 
curing is provided by the two correlated criteria : (a) numbi'r of hairs per 
unit of leaf surface, and (b) total number of hairs yier leaf. These two cri¬ 
teria may be readily determined from direct microsc'opic examination of 
green leaves. Unfortunately means are not yet at hand for determiniiig the 
accuracy of such evaluation by chet'king it against actual (piantity of aroma 
yiossessed by leaves after they have been cured and aged. It should be empha¬ 
sized that methods for measuring directly the (piantity of aromatic* material 
or the amount and kind of specific odorous constituents are (piite unknown, 
excep/> by appraisal through the sense of .smell. To devise some operable^ 
means does not seem to present insu])erable difticidties, since it should be 
possible to remove the volatile constituents from cured leaves by distillation 
or extraction with solvents and then to isolate them and make cpiantitative 
measurements. 

Since the amount and kind of aroma are of majoi* imyiortance in a])prai.s- 
ing (piality of oriental tobac^cos, further ('onsideration was given to means 
of modifying the population of glandular hairs. The i’esults of expendments 
obtained during the ))ast two seasons with .selection and hybridization, as 
well as with experiments ccnicerning variations in the s])a(Mng of jilants and 
variation in light are believed further to contribute to an understanding of 
the problem of aroma, and ac'cordingly are presented at this time. 

1 These investigiitions were financed, in part, by the (n^ieral Education Hoard. Grate¬ 
ful acknowledgment is made for assistance rendered in the conduct of these inve.stigations 
by Nancy J. Bentley and Vera Kudin, Graduate Assistants at Duke University. Thanks 
are also extended to Dr. Paul M. Gross for critical reading of the manuscript, although 
the author is solely responsible for the interpretations and conclu.sions herein. 
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MATERIALS AND METHODS 

III general, the procedures employed were ideiiti(‘al with those described 
in a previous report (Beutle}^ & Wolf 1945). The analyses involved plants 
grown in fields at th(» Toba(‘Co Experiment Station, Oxford, N. C., as well as 
supplementary analyses of plants grown under glass at Durham, N. C. 
Plants found to have leaves more hairy than others of the same variety were 
selected as seed stock. For (comparison non-selec-ted plants, taken completely 
at random, were used as a seed source. 

Plants similarly selected from the P 2 generation constituted the parents 
used to determine hairiness of crosses between varieties. Their progeny was 
compared with that of non-selected F 2 parents. 

In tests concerning the influence of spacing, the intervals ^‘between 
rows” and ” within rows” were arbitrarily chosen. These spacings were (1) 
like those commonly employed with flue-cured tobacco, (2) like those com¬ 
monly us(mI with oriental 1oba<*co, and (8) with twice as many plants xier 
unit of area as in the common practice with oriental tobac'co. In these tests 
were (‘mf)loyed representatives of three typ(*s of oriental tobacco. These were 
Stanimaka (Kavalla type), Ayassolouk (Smyrna type), and Broussa (Sam- 
soun type), as well as one flue-cured type, Cash. 

The exjieriments concerning effects of light of different intensities were 
performed upon b<»th field-grown jilants and j)lants grown under glass. 
Plants (exposed to normal illumination were compared with those grown 
under artificial shade. U.se was made of a shade tent built of framing and 
(‘overed with sc^ed-bed cloth to reduc(‘ light-intensity, and comparative light 
measurements were made with a AYe.ston photometer. 

INHEIUTANCn: ASD (JLANDULAR HAIRS OF TOBACCO 

There (*xists a rather meagn» background of oiiservations on inheritance 
of pubescence or hair-(‘oatings among plants. Paulesco in 1900 (vide Neto- 
litsky 1982, p. 11, 12) was among the earliest investigators to show that the 
hair ])atteni of liybrids is a mixture of that of both parents. A similar con- 
(diision was reached by Wolf from observations on Poti niiUa, by N(dolitsky 
on/fa/n/.v, and by Baros on Vcrhasciun (Netolitsky l.c.). Imai (1926) crossed 
a smooth-stemmed morning glory, Ipomoea hcdvracvu Jac(i, [Pharhifes Nil 
Choisy), with a hairy-stemmed one. All yilants of the Fi generation were 
hairy but in the F 2 generation a ratio of 8:1 of hairy-.stemmed to smooth¬ 
stemmed individuals was obtained. A similar dominance of hairiness over 
glabrousness in sesame, Srsamuni indicitm L., to give a 8:1 ratio in the Fa 
generation, was reported by Langham (1945). 

The population density and length of hairs on Htfocyatnus niger L. are 
at least partly determined genotypically, according to Goddyn (1926). 

As regards tobacco, previous observations (Benthw & Wolf 1945) showed 
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TABLE 1. JResults of Selection as a Means of Increasing Hairiness 


Tear 

liicreaHO in leaf area, 
crn.iJ, of selected over 
aon-seleeted, % 

Tiierease in number 
of bairs ])er leaf, 
of seleeted over 
non-seleeted, % 

Increase in number 
of hairs per unit 
area of seleeted 
over non sele(*ted, % 

1944 

34 

31 

' ] 

1945 

23 

38 

i 1- 


tlie existence of varietal differences in hairiness and indicated that tests 
should be conducted to determine the possibility of increasing hairiness by 
selection. Accordinj^Iy selections were made, nsiiijr the varieties Broussa, 
Dere, Djebel, Hendek, Katarini, and Yenidjre. The average composite results, 
exi)ressed as percentage differences between selected and non-selected plants, 
are shown in table 1. 

These data do not reveal actual differences but are com])arative, and show 
that selection provides a means of increasing hairiness. They ^ive no Indi¬ 
cation however of seasonal effects. It should be indicated that tlie 1945 season 
was one having very exce.ssive rainfall and an unusual proportion of overcast 
days. Seasojial effects become appai’cnt when it is [)ointed out tliat an aver¬ 
age leaf of progeny of selected plants of the varieties mentioned abov(' bore 
74 iiei* cent as many hairs in 1945 as in 1944. An average leaf of the ])rogeny 
of non-selected plants of the varieties Ayassolouk, (ihimpati, Jalomita, Stani- 
maka, and Xanthi-Yaka bore 60 per cent as many hairs in 1945 as did non- 
selected plants of these sanie varieties in 1944. This difference of 14 juu* cent 
seems ascribable to selection. It must be appreciated h()W(‘ver, in tlie light of 
other experiments and of ob.servations extending over three sasons, that, in 
selecting st»ed-stocks, a(*count must be taken not only of seasonal influences 
but of the interrelation and interdependem'C of vigor, date of maturity, and 
leafiness of plants, together with leaf size, and hair population per unit of 
leaf surface. 

The influence of sele<dion among iiybri<ls was sought by making selet^- 
tions of the generation and then comparing tlu‘ progeny of seleided and 
non-selected stocks. Tlie liybrids involved Yenidge as the pistillate parent. 


TABLE 2. Itcsnlfs of Selection of Parfnt Stock among dcneraiion 
on Hairiness of Progeng 


Year 

Parents 

Kelativc leaf 
size, Fa 

Relative number 
hairs per leaf, 
in thousands 

Relative number 
hairs ]a*r em.- 

194o 

Yenidge $ x 
Stanimaka S 

Hclected: non- 
selected 
= 80.6: 100 

Seleeted: non- 
seleeted 
= 112: 100 

Selected: non- 
.selected 
= 129: 100 

1945 

Tenidge $ x 
Ayassolouk $ 

Belected; non- 
seleeted 
= 89: 100 

Seleeted: non- j 

seleeted ' 

= 105:100 

Selected: non- 
selected 
= 114: 100 
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and Stanimaka, in one ease, and Ayassolouk, in the other, as the staminate 
parent. The results are assembled in table 2. 

It is (piite evident that the j)ro<reny of the more hairy parents was in 
turn the more hairy, results entirely in aeeord with Avell established findinjrs 
on other genera of i)jants. The extent to whi(‘h seleetion and hybridization 
can be employed, however, in aetual field praetiee, to improve quality, can 
be known witJi finality only by extensive eoiuparative trials, and appraisal 
of the tobacreos jrrown must be made after they have been fully a^zed. 

SFACING 

Bentley & AVolf (1945) have studied the relation between spaeing and 
hairiness, usinjj: one oriental variety, a Burley type, and a fine-cured tobacco. 
The results were re(M)rded as differences in leaf size and total leaf area of an 
avera<»‘e ])lant, and also as differences in number of hairs per plant, per leaf, 
and ])er unit of leaf snrfai'C. 

Jn all studies, by otlier investi^'ators, involvin^^ the effects of spacing on 
^roAvth of the toba<*co plant it a])pears that the primary consideration in 
appraisal of results has b(‘en **yield ])er acn\’' Althou^di yield is a most 
im])ortant j)racti(‘al (‘ojjsideration, lar^»'est yield is not necessarily correlated 
with best quality. In fact, there is reason to believe that quality, in some 
tobac('o-‘-rrowin<*‘ areas, has been sacrificed in favor of <juantity. This would 
indi(*ate that in experimental studies of spacing’ the objective should be to 
pr(Klnce the larjicst possible yield and having' the largest ])roportion of th(‘ 
sui)erior ^■radt‘s. 

Althou^li a i-ationale for pri>per spai’inj*' no doubt exists it seems never 
to hav(* been sought or established. With the idea of se(*kin^‘ to establisli such 
basis for prop(»r N])a(*in‘i- pra('ti<*es, two experiments were performed durinj:' 
th(‘ |)ast sea.son. The om* was esscmtially a repetition of a test made in 1944, 
(‘xcej)tthat it involv(*d different varieties of tobacco, and the other involved 
further intetisification of ('omj)etition b<‘tween plants. 

In the fii-st exj)eri,m(‘nt th(‘ interval between widely s])aced plants was 
24 inches in 4S-inch rows, ajid tho.se between t'losely s})a(‘ed ones was Oo 
iiK'hes in 20-inch rows. The oriental varieties i-hosen were Ayassolouk and 
liroussa, and Cash was the flue-cured variety used. Data on averajze analyses 
of five plants of ea(4i kind are assembled in table 2. 

Under these (‘onditions the widely s])aced plants had the larger leaves 
with the larjicr number of hairs ])er leaf. Moreover the ])opuiation of hairs 
w^as less d<‘ns(* on widely s[)a('ed plants than on (*losely spat’ed ones, except 
ill Stanimaka. An interpretation of data to be presented later (table 5) 
a])j)ears to be applicable in explaininji: these findings wdth Stanimaka. The 
dejjrree of a(*cor(lan('e witli results from a similar ex])eriment conducted in 
1944 (table 4 of a previous report) is best shown by comparinfr the data 
as arran^^ed in the accompanying tabulation (table 4). 
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TABLE 3. Spacing and BairincsH of Entire Plants 


Variety 

I 

I 

I 

Spacing 

Average total leaf 
area per plant, cm.2 

Average total hair popula¬ 
tion, per i>lant, on lower 
leaf surface, in thousands 

Average size of 
leaves, cin.2 

Average number of hairs 
j)er leaf on lower leaf 
surface, in thousands 

Average number of hairs 
per cm.2 on lower leaf 
surface, in thousands 

Ayassolouk 

Widely spaced 

9,139 

9,811 

268.9 

289.6 

1.07 


Closely spaced 

2,5 J 8 

5,305 

90.4 

168.4 

1.86 

Broussa 

Widely spaced 

7,722 

11,216 

257.9 

377,6 

1.42 


Closely spaced 

4,136 

7,535 

141.4 

256.8 

1.81 

Stanimaka 

Widely s])aeed 

n,3(U 

11,057 

408.1 

401.1 

0.9K 


I Closely spaced 

6,027 


195.5 

195.1 

1.00 

Cash 

Widely spaced 

11,0.53 

12,587 

516.6 

58S.:i 

1.12 


Closely spaced 

3,257 

7,258 

158.1 

:ir)2.o 

2 ‘^2 


To pre})are table 4 an aveni^e number was first obtained for (*omparable 
structures of widely spaced and closely s])aced plants. This number for the 
latter kind, divided by that for the former, yielded the ]>ercenta<re relation¬ 
ships recorded. When thus presented, the majj^nitude of differences between 
closely spaced and widely spaced plants is fouiul to be of the same order 
each year. The data show that the closely si)aced ])lants had a])proximateIy 
40 per cent as much leaf area as widely s])aced ones and (50 per cent as many 
hain, but there were from 80 to 50 per cent more hairs per unit of leaf 
surface. 

A second experiment, involving;' further intensification of competition, 
was devised to seek a reason for these differences in res])onse to s])acinj*'. In 


TABLED 4. Comparative Effrefs of Spacing. Trials in 1P44 and lU4o. 
(Data on widely sjaieed plants rej^arded as ICO; 


Structure's compared 


Proportionate leaf area of closely spaced to 
widely spaced plants ... 

Proportionate total hair ])ojmlatioJi p(‘r plant of 
closely spaced to widely spaced jdants 
Proportionate leaf size of closely spaced to 

widely sf>aced plants . 

Proportionate hair population ])er leaf of closely 
spaced to widely spaced plants . , 
Proportionate density of hairs per cm.2 of closely 
spaced to wddely spaced plants. 


Y(‘ar 


1944 

1945 

45.6 

40.5 

61.2 

58.3 

48.4 

40.4 

59.9 

57.2 

130.1 

149.5 
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this instance each variety was spaced as in the previous experiment and in 
addition each variety was so planted as to have approximately twice as many 
plants per len«:th of row as occurred in the closely spaced rows. Leaves from 
the median stalk region were taken for analysis, and average results for the 
three spacings are presented in table 5. 

The most noteworthy features in table 5 for each variety are: (1) that 
the plants, spaced most closely, have tlie smallest leaf area and bear the 
smallest number of hairs; (2) that the smallest leaves do not have the densest 
hair population; and (3) that each variety responds to competition to a 
different extent. These results indicate that an optimum spacing interval 
“between rovvs“ and “within the rows” exists, and should be sought experi¬ 
mentally for each variety. These intervals are determinable only from results 


TAFIIjE 5, Effect of Spacing on Leaf Si 2 !e and IJairincss 


" — 



Average num- 

Average nuni* 

Varu'ty 

Spacing, 

Average leaf 

her of hairs 

her of hairs 

inches 

area, cm.- 

per leaf in 
thousands 

per cm.,2 in 
thousands 

Ayassoloiik 

4H \ 24 

372.0 

293.8 

0.79 

2(1 X 

148.8 

109.6 1 

1.15 


20 ^ :i 

89.9 

94.6 1 

1.05 

lUt)Ussn 

48 \ 24 

348.0 

427.6 ' 

1.20 


20 < r>^ 

187.9 

235.4 

1.24 


20 X :i' 

90.5 

104.6 

1.15 


48 X 24 

550.4 

483.5 j 

0.87 


20 V 5^ 

210.8 

350.0 1 

1.63 


20 . 

124.1 

190.1 

1.5.3 


of series of trials, and hairiness and correlated leaf size may be used as a 
basis of judgment. It (faniiot be too strongly emphasized that j>er unit area 
population of hairs and leaf area must be considered as a unit in such trials. 
Were this done it should show that both yield and quality are optimum when 
the plants are suital)ly spaced. To space the plants more Avidely that opti¬ 
mum might be expected to increase yield at the sacrifice of quality or to space 
them more closely might adversely impair both yield and quality. Should 
these conclusions be verified by future (»xtensive field trials, then hairiness 
constitutes a criterion for appraising a balance in the growing plant between 
quality and yield. Moreover the investigator then has, for the first time, a 
means for determining under what conditions optimum hairiness may be 
produced. 

In the foregoing experiment, there w'as a detectable difference in kind of 
aroma, as measured by the sense of smell, among the leaves of each variety 
when differently spaced. It may be assumed that each of the factors entering 
into the complex called spacing operates to modify not only population 
density of glandular hairs, but at the same time the amount and kind of 
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material synthesized by the glands. The net result should be differenees in 
proportion of ethereal oils produced, and hence in differences in quality of 
aroma. 

LIGHT 

That hairiness varies in response to differences in light and moisture is 
a general observation, known by many of the older students of plants. De 
Candolle (1841) concluded that ‘‘non-glandular hairs are, in general, rare 
in plants which grow in the shade, or in rich and moist places’^ and ‘‘are 
more abundant, generally, in those which grow in warm and dry places, 
much exposed to the sun.’' Vesque and Viet (1881) showed that the number 
and length of hairs on leaves is increased by the stimulus of light and of dry 
air. Mer (1883) also concluded that exposure to light and dryness favors 
increase in hairiness. 

Yapp (1912), from observations on Spirea uirnaria L., concluded that 
“ (b) On the erect flowering shoots of adult plants there is a regular succes¬ 
sion of glabrous, partially hairy, and completely hairy leaves. The earliest 
radical spring leaves are glabrous, the cauline leaves hairy, (c) The no)i- 
flowering shoots of adult plants produce only radical leaves. The earliest of 
these are glabrous, Subseciuently, the suc(*(‘ssive leaves exhibit increasing 
hairiness up to June or July, after which they are dccreasingly hairy, till 
finally glabrous leaves are once again produced in autumn . . . seasonal 
periodicity in the production of hairs is a widespread plienomenon.’' He 
regards increased hairiness as a xeromorphic resi)onse, i.e., the result of 
factors or conditions that impose on the plant a need for increased economy 
of water. There are those who would question these interpretations by Vai)]). 

hfom perusal of jiertinent reports of ecological investigations one is 
forced to conclude that there exists a paucity of <Lxperimentatiou on the 
extent to which hairiness is modified by environment and how hair-('oatings. 
in turn, modify plant activities, Tluit hair-coatings decrease w’ater loss apj)re- 
ciably w^as brought into ({uestion by Sayre (]92()). He removed the hairs 
(non-living and non-glandular) froin mullein, Vcrbasann ihapsus L., and 
then exposed one set of these plants to light and wdnd and another to light 
and still air, finding that there w-ere no marked differences in w'ater loss. The 
reason assigned by him for this lack of dissimilarity is that amount of w’ater 
lost through the cuticle is small in comparison with that lost from internal 
tissue (mesophyll). 

The present field experiments bearing on the influence of light involved 
comparison of artificially shaded plants wdth those growm fully exposed to 
normal illumination. The light intensity under the artificial shade was re¬ 
duced from 40 to 60 per cent, as measured with a photometer. Comparative 
data obtained from analyses of leaves of these two groups of plants are 
shown in table 6. 
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TABLE 6. Comparative Effects of Artificial Shofle and Normal 
Illumination on Hairiness 


Variety 

Average leaf urt'a, 
em.2 

Hairs per leaf, 
in thou8and.s 

Hairs per em.2 

►Shaded 

Not 

shaded 

Shaded 

Not 

shaded 

Shaded 

Not 

shaded 

Ayassolouk 

130.5 

148.8 

112.2 

169.C) ' 

860 

1150 

Broiissa. .. 

128.8 

187.9 

135.3 

235.4 

1050 

1240 

Cash 

134.2 

210.8 

214.7 

3.50.0 

1600 

1630 


It may be seen from table 6 that the leaves of shaded plants were smaller 
and had fewer hairs, althoufrh tlie popnlalion of hairs per unit area was 
larger than on the non-shaded ))lants. Aetnally the leaves of shaded plants 
were approximately two-thirds as lar<re as those in full lij2:ht, and the hairs 
were about three-fifths as numerous, whereas the population density of hairs 
was about 10 per eent jrreater than that of the plants in full sunliofht. 

Since shade-jrrowu leaves of many species are known to be larger than 
those j?rown in full lijrht it was anticipated that the shaded leaves would 
have been tlie larger. Both intensity and total amount of li^ht available to 
these closely spaced plants may have been insufficient, and therefore the 
unexpected out('ome may be attributable properly to inadecpiacy of li^ht. Be 
that as it may, the results are in a(*cord with previous studies in showing* 
tl}at decreased illumination may de(*r(^ase the total hair poi)ulation per leaf. 

Fu another experiment comparison was made of hairiness of field-jrrow’u 
Fvatarini tobac<'o leaves, developed in early summer, with that of sucker 
leaves that developed on .stubbles durin^^ the latter j)art of the irrowin^ 
season. Com]>arison was also made, usin^ the same variety, of hairiness on 
leaves that develoj)ed on suckers from stubbles transplanted into the fTreen- 
lious(* in late .suinmei-. One .set was exposed to normal <jrreenhou.se lijrht and 
intensity of li^dd for the other set was reduced approximately 75 per cent 


TAIiLE 7. Effects of l/ujhi on Hairiness of Learns o/ Kaiarini Tobacco 


Growth conditions 

Average leaf 
area, cm.2 

Average' num¬ 
ber of hairs 
per leaf, in 
thousands 

Average num¬ 
ber of hairs 
per cm.2 

Field grown, during sinniner 

192.0 

ITO.S 

890 

♦Slickers (tiidd grown) arising 
from stubbles in late summer 

83.2 

123.1 

1360 

Suckers arising from stubbles 
transplanted into greenhouse. 
Full light . . . 

93.3 

84.3 

901 

Suckers arising from stubbles 
transplanted into greenhouse. 
Light reduced by shade tent . 

92.3 

64.1 

695 
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by a cloth-covered shade tent. The comparative measurements from this 
experiment are given in table 7. 

The most significant features in table 7 are tJiose dealing with differences 
in average total number of hairs p('r leaf. The leaves of field-grown suckers 
had approximately 70 per cent as many hairs as did leaves grown during 
early summer. Moreover, the leaves on suckers grown under full exposure to 
light in the greenhouse had about 70 per cent as many hairs as did those of 
sucker growth in the field, and the leaves of suckers under the screen in the 
greenhouse showed marked further reduction in hairiness. 

Since reduction in haiiuness of tobacco leaves occurred in all cases in 
which light intensity was reduced, it is concluded that light may be made 
to function as the dominant factor in modifying hairiness. 

GENERAL CONSIDERATIONS 

The fact that a know ledge of hairiness of tobacco leaves may be enij)loyed 
to evaluate aroma becomes significant in the light of evidence that both 
quantity and quality of aroma are controllable and modifiable to a consider¬ 
able degree. There is reason to believe that varieties of tobacco having aroma 
superior to that of varieties now’ in hand can be developed by selection and 
hybridization. Support for this belief arises from the fact that several kinds 
have already been made more uniform by selection, and these selected strains 
have show’ll themselves superior in vigor, leafiness, and leaf size. They are, 
at the same time, more hairy than progeny of non-selected stocks and it seems 
highly probable that they will prove to be more aromatic. Additional support 
for anticipating that continued improvement in kinds of tobacco vmi be 
effected stems from results of genetic* studies witli other species of iilants. 
Such studies in their entirety contain nothing to counterindicate the possi¬ 
bility of further improving the aromatic potentialities of oriental varieties 
of tobacco. 

The experiments thus far conducted are in accord in show’ing that tobacco 
plants produce leaves differing in hairiness as a response to difi!ereiu*es in 
spacing and to difi'erences in nutrients. Observations with other kinds of 
plants provide additional supjiort for the existence of such relationship of 
responses to environment. Raunkiaer (1934), for example, noted that very 
hairy-stemmed rye jilauts occurred more frequently in portions of the field 
having the drier soils. Moreover the least hairy plants ripened appreciably 
earlier than the densely hairy ones. As previously noted, hairiness and ma¬ 
turity in tobacco seem to be similarly correlated. Again, Kisser (1927) found 
that hairiness of w’heat is modified by the presence of certain salts. Plants, 
in solution culture, supplied with Ca, Mg, or Na were less hairy than those 
supplied with distilled water only. It would seem to follow, since hairiness, 
and hence aroma, can be changed by spacing and by nutrition, that liair 
analyses should be employable to determine proper practices of spacing and 
of application of fertilizers for oriental toba(*cos. 
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It may be presumed that there exists a relationship of moisture to hairi¬ 
ness and a study of this factor was planned. However, periods of stress from 
lack of moisture did not oeeur in 1945, but instead the abundant rainfall 
throujihout the ^a-owiug i)eriod provided almost continuously an excess of 
water. 

Establistmeut of the fact that j»:eneti(-; and environmental factors control 
voluim‘ of aroma is of coordinate importance with determination of whether 
rpudity of aroma is at the same time also controllable. One mijrht assume that 
quantity and (piality <jf aroma are inse])arably correlated, at least within 
certain intensity or volume ranges, and hence an analysis of hairiness mi^ht 
be expected to serve indirectly as a measure of quality of aroma. Sui)j)ort 
for this assum])tion stems from the facd that, to date, from spacin<r trials, 
it has been possible to detect differences in odor between the leaves of one 
and th(‘ same variety when the plants were <»rown differently sjiaced. The 
])Ossibility that su(*h ditfereiu'es in (piality of aroma could exist may best be 
appiTciated by rec'allinjx that the odors are constituted of a complex mixture 
of ethereal oils. Accordinji’ to Bru('hner (1936), these (dhereal oils are alde¬ 
hydes. ketoin^s, esters, and acids of various kinds and their cleavajre products, 
all separable from tobai'co leavi^s by steam distillation. Durin<^ such distilla- 
licii the resins, which are hijrh molecular polymers, are cleaved to liberate 
various volatile oils. Even if one assum(*s that all varieties of tobac'co elabo¬ 
rate the same complemeiit of chemical entities, an unwarranted assumption 
but one that remains to he ascertaiiKHl. it seems ])ossible that variation in 
spacin^^ nutrition, moisture, li^ht, or <»ther factors mijrht induce differences 
in the pro}>ortion of materials syntlmsiy.ed, and thereby cause the aromas to 
be different. Convincinjr proof of this remains wantinji*, however, because 
th(*re are no suitable imdhods for immsuriujr (luality of aroma. Such lack 
('onstitutes a serious handica]) in attenqits to improve varietic^s of tobacco 
and in measuriu}.!' respons(‘s to different (‘iivironments. Attention mi<^ht well 
be ^dven, as a next step, to improvisation of methods to analyze (piality of 
aroma. 

SUAIMARV 

Studies involving' hairiness of tobacco have been continued. The results 
show that hairin(»ss can be increased by hybridization and/or selection. Addi¬ 
tional evidence lias been secun^l that hairiness is modified in res]ionse to 
spaciufi* practices and in response to lijrht. These findiii^^s indicate (1) that, 
to a de<j:ree, both the volume and quality of aroma are controllable; (2) that 
all varieties of oriental tobacco may not produce tobacco of largest yield and 
best (piality if spaccnl alike; (3) that analysis of hairiness seems to provide 
a means of determininjjr iiroper spaciu<»‘ and fertilizer practices. 

Duke University 

Durham, North Carolina 
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ON THE USE OF ARTIFICIAL HEAT IN THE PREPARATION 
OF HERBARIUM SPECIMENS 

W. H. Camp 

The perennial diseussiou of “naturally dried'" vs. “heat-dried” speei- 
inens lias been recently revived by Professor Pernald (Rhodora 47 : 258-2(>0- 
1945) ; his ar^'uuients are reinforced by included connnents by Bayard Lon»'. 
From the combined texts the main objections to the dryin*^ of specimens by 
artificial heat seem to be (1) the loss of any ^lancesceiK'e which mij>:ht be 
piTsent, (2) their jrreater likelihood to fracture and frajrment, and (3) a 
more than implied tendency by users of the artificial method to hurry the 
material throuirh the drying process and so fail to obtain specimens which 
art* satisfa<*torily ai*ran<red on tlie sheet. 

As a confirmed user of tin* “artificial” method 1 must bow to the accu¬ 
sation that specimens with just those unfortunate drawbat'ks am be so pro¬ 
duced. Howevei*, it is possible eith(*r to avoitl or overrule the.se objections 
to a larj»‘e extent. 

Regardincf the first one—^that of lo.ss <d’ ^laut'escence--there is but little 
that can be d<»ne about it. Havinjx some slight experience with a ^ronp of 
plants (the V"a(*ciniaceae) where the item of jjlaucescence is of considerable 
importan(*e, it has been my experience that, no matter whether the “arti- 
rK'ial" or “natnrar’ im*th()d is used, 1 still cannot rely with surety on the 
(*hara(*ter in tin* dried state since, in this jirouj), the ^laucCvScence is the result 
of an oil-air-ennilsion and usually is easily lost by the mildest of abrasions 
either during*- (‘ollection or in press. It is obvious that the use of s})ecimens 
over a pei*iod of time also tends to dim this character--at least in the blue¬ 
berries—and so I have deemed it best to rely almost entirely on notes taken 
in the field. It Avould .seem then that, for at least some groups, the objection 
raised by PndVssor Fernald that the dryiu«»: of speciuums by artificial heat 
does not permit him to make certain identifications mi^ht quite as well be 
(*ritically directed at the field habits of collectors themselves as with their 
methoil of dryiiijr the plants. 

As an example, 1 have close at hand a packet of specimens which I am 
checking*—specimens for the liiost part made by well-known collectors. In 
makinji- a selection from this packet care was taken only to ascertain that 
the si>ecimens had been collected by those who were botanists (and for the 
^^reater part taxonomists) and therefore oughi to know the problems con¬ 
fronting: the systcmatist. On each of these sheets there is a ticket explaininjr 
in considerable detail exactly where the material was collected—data usually 
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SO excellent that one could return to the exact locality and recollect the mate¬ 
rial if so desired. However, on not a sinj?le one of these is there the slightest 
in(li(*ation by collector’s notes whetlier the material was a tree or shrub 
(bein^ of the genus Vaecinium one can only trust that they were shrubs); 
nor is there any note concerning the type of plant—i.e., whether solitary or 
in clumps (elon-forming). Nciturally, with those omissiojis, one scarcely 
would expect that items such as the relative glaucescence of the upper and 
lower surface of the leaves or the glaucescem'c of the fruit would be re¬ 
corded, but one might logically expect that at least some mention could have 
been made of the color of the flowers or mature fruit (all of which are of 
considerable importance in the systematics of this group). However, the 
greatest lack apparent on these tickets is that of height of i>lant. Of these 
specimens (and I repeat, they were taken more or less at random—the first 
dozen or so which came to hand in the parcel nean»st me) only 1 records this 
item of plant height, an item often extremely useful in classification. 

As Long notes in his personal communication as printed by Fernald, 
^‘Of course it [artificial drying] saves M)usy^ men iiUK'h labor but it pn)- 
duces a very unsatisfactory grade of specimens.’' Fernald then continues 
under his own momentum: ^Mt is evident that we must remember the old 
saying, that ‘ haste makes waste. ’ ” One can but be curious whether the collet*- 
tors of these s])ecimens (well known for their use of the ‘^natural method”) 
might not have been so ‘‘busy” changing blotters, running in and out 
between showers trying to dry them, and occui)ied with the other myriad of 
similar chores attendant to their favorite system of specdmen preparation, 
that they had no time while in the field to jot down what might reasonably 
be thought of as a minimum of data concerning the habits and characters 
of the living ])lants. Possibly in their attempt to achieve “pretty” s])ecimens 
they ('ould not be bothered with one of the really basi<* elements of taxo¬ 
nomic study—that of a set of effective field notes. One wonders if instead of 
“haste makes waste” it might not be otherwise—a case of “borrowing from 
Peter to pay Paul”? 

Tt would therefore seem that a metliod of handling specimens in the field 
which liberates the collector from the tedium of changing blotters ouglit to 
be welcomed, one giving him more time to study the material in the fresh 
state, sufficient at least to record adeijuate notes. So far as the objection that 
artificial drying destroys glaucescence is concerned, it might well be disre¬ 
garded. It would seem that the character of glaucescence ought to be re¬ 
corded along with such items as flower or fruit color, as well as the height 
and habit of the plant. 

Now for the objection that artificial drying makes the plants brittle. It is 
a true and certainly valid objection if the material is not properly handled 
before being put on the heat. In his first paragraph Professor Fernald—and 
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quite rifrhtly—points out the proper procedure. Except in emergency cases 
or with certain materials, the specimens should stay between blotters for a 
full 24 hours before bein^^ placed between the corrugates and on the heat. 
So far as 1 know no actual research has been done on this item, but there is 
no doubt that, generally, the results are much better if the “sweating’^ 
period is carefully attended to; the result is specimens which usually are 
<piite as flexible and rarely more brittle than those naturally dried. It would 
seem that during the '‘sweating’’ process—and because of the- exclusion of 
air in the press—there is a slightly modified form of anaerobic oxidation 
within the jilaiit tissues so that instead of the more common oxidation of the 
carbohydrates at least slightly greater amounts than usual are changed to 
fatty compounds and that it is these substances which, slightly diffused 
through the tissues, lend a certain pliability to the completely dried speci¬ 
men. While this statement is certainly in the realm of speculation the net 
result does indic'ate the advisability of the “sweating” process prior to 
drying by artificial heat. 

N(‘vertheless, even after due care is taken with the sweating. thei*e yet is 
danger that the heat becomes s<» great that it leaves the specimens brittle. 
Again, it is my opinion that excess heat drives off these fatty com])ounds by 
distillation and that herein lies the danger rather than in the use of “arti¬ 
ficial” methods. When a jiress over the heat source is too hot for the hand 
it is too hot for tlie sj)ecimens. Certainly a “rule of thumb” but nonetheless 
effective. 

The third objection—voiced by Mr. Long—is that “They | the specimens] 
get dried without even being examined again (while green and fresh) and, 
of course, there is no op])ortunity (if desire) to straighten leaves, draw 
flowers or fruit into view, or any of the other desirable "fixing” which 
results in good specimens.” It is obvious that if the specimens are jdaced 
directly over the heat there wouhl be no opiiortunity to arrange them. But 
one miglit ask : Just iiow often is it necessary to ])aw over a spetdmen before 
it is lU'operly arranged? If the ])rograni suggested by Professor Pernald 
(and agreed with in completeness by me) were followed, it would seem that 
ample opportunity would be afforded for a preliminary arranging of the 
specimen as it was first ])laced in press and also for a final inspection and 
"fixing” after the "sweating” process is complete and just before being 
placed in position for drying. It is a rare specimen indeed which at the end 
of a 24-hour period of "sweating” is not sufficiently “tamed” that its parts 
w'ill not lie in place when arranged for the final drying. 

Having but recently returned from a trip into one of the moister parts 
of South America, I feel perhaps somewhat qualified to mention certain 
items relative to the problems of collecting under conditions which possibly 
would not be classified as the most ideal. 1 trust that this personal reference 
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wiJl be pardoned, but the figures are at hand and the situation available from 
my notes and memorj". It will suffice, therefore, to say that from the latter- 
part of July to the first part of September, 1945, my two local Cholo 
helpers and 1 were in the Cordillera Oriental of Ecuador working from 
about 7,500 feet up to elevations of approximately 11,500 feet. At best the 
trails were poor; sometimes they were non-existent, in such instances necessi¬ 
tating the slow and laborious cutting of paths, often through dense thickets 
of Chmquea (the bamboo-grass so characteristic at these altitudes). It is a 
region wliere the annual precipitation may etpial—or even exceed—200 
inches; also, it was the height of the rainy season. Those who have worked 
at the higher elevations in the wetter parts of the Andes will understand 
the (‘onditions under which we labored without further expansion of this 
topic. It might also be added that we were in a zone which, so far as I am 
aw-are, had never before been systematically collected. 

During the 41 days we wTre in that ])articular zone only two or three 
were sufficiently sunny so that blotters could have been dried and on the 
great majority the sun did not show- at all; most of the days it just rained. 
Yet in spite of this our little group returned from this particular area wdth 
more than 6,600 sheets of herbarium material in about 1,000 numbers. These 
figures are not givim in a spirit of boasting, for it doubtless lias been far 
exceeded by others in a like period. But of this 1 am (piite certain : had we 
relied on the natural method of drying by means only of blotters, our haul 
from this area would have been numbered in the hundreds instead of 
thousands. 

We used kerosene stoves as a heat source and there were times when, wdth 
materials jamming the presses, it wos necessary to place certain specimens 
directly on the fire without the necessary preliminary “sweating’' so as to 
keep the collections rolling and the drying pro(*ess and stoves working at 
maximum efficiency. Much as I regret the fact that certain of these (-ollec- 
tions might not make quite so sati^ifactory .specimejis as one would like, other 
factors overbalanced that item. Considering the extent of our ignorance of 
the flora in that region, it would seem from the standpoint of the working 
taxonomist that a specimen, “m herb/' and with duplicates (even if slightly 
brittle and possibly wdth not all the leaves properly placed on tin* sheet) is 
worth considerably more than a wdiole mountainside of the same si)ecies as 
yet uncollected. 

Another of the arguments against the use of artificial heat and the 
iiecessarA^ corrugates in drying is that they tend to prcnliu'e parallel ridges 
on the specimens. In certain cases and wdth particular materials, this is true. 
But I always have had the feeling that it is much better to wH)rk with a 
slightly corrugated specimen which was properly dried than one in w^hich 
the flower parts had become heavily infested with fungi or eaten by larva<* 
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already present in the material when collected—an ever-present danjrer in 
the much slower process where only a series of blotters is used, and a double 
dauber under tropical conditions in the rainy season. It is also true—and 
es})ecially so at certain seasons and while working with primarily woody 
forms such as one encounters in tropical regions (and a crying fault of many 
autumnal collections of woody materials in the temperate zone)—that too- 
long a wait in the “sweating’’ process accelerates the production of the 
abscission layer so that, although the parts have been quite prettily arranged, 
they prom])tly fall off, leaving only a bare stem and a hand full of loose 
leaves and flowers or fruit. The only remedy for such types under ordinary 
field conditions is to put them on the heat and dry them out as quickly as 
[)ossibl{^—and before the abscission layer has had time to fully form. There¬ 
fore where large “mushy” flowers are concerned as well as those in large 
and complicated <*lusters and so often subject to larval depredations while 
in the fresh and semi-fresh <‘onditions, as well as those groups especially 
jirone to dro[)i)ing their leaves, it most certainly is not true that “haste 
makes waste.” There are times when haste is the only method whereby 
material may he obtained in anything approaching a satisfactory conditioil 
The desiciuited start of a fungus culture, a larva killed by heat, or an irieom- 
pleteiy formed abscission layer, are not feared by the collector; uncontrolled 
by pi’ompt action, they result in nearly useless specimens. 

In his introductory sentence Profes.sor Kernald mentions the use of 
“corrugated pasteboard” thereby ])assing by what one might suppose would 
cause him even more alarm—the present vogue for the use of metal corru¬ 
gates. Having used all methods—blotters only, corrugated pasteboard with 
double facing, single-faced {uiper corrugates as well as several styles of 
metal corrugates--I have come to the conclusion that, by and large, the 
metal <-orrugates lend themselves to the problem of extensive collecting 
bett<u’ than any other. 

In the first place—and 1 would make it clear that the following remarks 
aj)ply primarily to “expedition collecting” in regions and at seasons where 
the humidity is high—the blotter method can be excluded on the following 
counts: (1) It consumes time which might better be spent both in the field 
and in the assembling of adequate notes; (2) there is too much danger of 
spoilage by fungi and minute larvae (the application of an alcohol-formalde¬ 
hyde solution is, in my o]union, only an emtn-gency measure at best) ; and 
(3) even if conditions were such that blotters could be used, the factor of 
bulk still would rule them out. Where supplies must be carried by plane, 
by (‘anoe, by mule, or even at times on the backs of men, both bulk and 
weight are very considerable items and add materially to the expense of 
collecting. 

As far as double-faced corrugated pasteboard is concerned it does have 
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(certain advantaj^es where one wishes to speed np the drying* ])roeess to a 
considerable extent. But where the corrugates must be used repeatedly the 
openings tend to close up all too <|uickly and so the whole reason for using 
them is defeated. Unless the ducts are fully open, permitting a rapid desicca¬ 
tion, the specimens tend merely to ‘^stew in their own juices” and so do 
heeome brittle after ultimate drying. I have long had the o])inion that many 
of the criticisms leveled at the drying of specimens by the use of corrugates 
actually stemmed from this failure of the juocess rather than from the use 
of artificial heat. Besides the fault that the double-faced corrugates all too 
soon become worse than useles.s, they also are (juite uneconomical of space 
and bulk too much in the baggage. 

While the single-faced paper corrugates occupy much less spa(‘e than 
the double-faced ones (because they can be “nested”) and are therefore 
more to be desired, they also have the failing of ultimately breakiiig <lown 
and becoming useless. However, in the long run, I prefer them to the double- 
faced type. This is especially true if transportation is not too great an item, 
but only if a completely adecpiate supply can be carried along. One of the 
problems confrontijig the collector in regions where sujiplies are not readily 
available is that of material for jiacking the bundles of dried specimens. 
Although the single-faced corrugated jiasteboard has a life-s})an which is not 
overly great, yet with careful use and a little [>laning it reaches the end of 
its usefulness in the drying ])ress about as fast as one has need of reinforcing 
for the bundles; thus, having outlived its usefulness as a drier, it next be¬ 
comes useful in wrapping and jmotecting the already dried s])ecimens. Fi)r 
ordinary collecting one can exj)ect to consume about 100 corrugates [)er 1,000 
s})ecimens; that is, a single-faced corrugate (*an be used about ten times. It is 
to be admitted that during the last half of its life it is not nearly so effective 
as when new. This also increases the time on the fire and therefore adds to 
the danger of overheating the specimens while stili wt*t; it also increases the 
amount of fuel needed to complete the drying proc'css. certainly an item 
which (*annot be ignored. 

This brings us to the metal corrugates. They have two great advantages. 
The first is that with any reasonable care their life-span is indefinite. The 
second is that although unit for unit they weigh considerably more than 
cardboard corrugates, the total weight of a set of metal ones needed for even 
a moderate trip is considerably less than that of cardboard ones ne(‘essary 
for a like amount of specimens. The problem of wrapping the dried material 
is still with the collector, but it has been my experience that a roll of heavy 
wrapping paper (preferably the type use<l by nurserymen to wrap plants— 
double-faced with a thin layer of tar betweem) serves quite as well as the 
ultimately flimsy corrugates and has the added advantage of being both 
waterproof and (because of the tar) insect-repellant. Furthermore, when 
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one uses metal e()rru{ 2 :ates, they can be forjjrotten while moviiijj: the scene of 
operations. One has enonj>:h to worry about while moving about, what with 
seeinjJT that the food, the eiiuipment, and specimens already collected are 
snujr and ilry. Accidents can and will happen : cases of e(]nipment have been 
lei t out on docks in some port during the rainy season, a box can be dropped 
out of the canoe as it is bein^ unloaded, a carrier can slip while crossiiifr a 
stream and fall witli liis load, or a careless mule driver may not have taken 
sufficient care with his car»o cover during a lon^ trek in the rain. With metal 
ones the collector nevei* lias the sorry experience of opening: a packiujr case 
exjiectin^^ to find corrujrates, only to find a useless pulpy mass instead. 

It is to be admitted that, because of their lower pliability, the metal 
corru^^ates tend less to follow tin* contours of the specimens than do the paper 
on(‘s and so may ('ausc* some secondary corrufration of the s])ecimen. But with 
a slijrht amount of jiracdice the dryin<r ju'esses can be so packed that this 
item usually causes but little trouble. If one starts (‘orrectly in the be<rin- 
niiifr of the ]>ressin^ pro(‘ess, laying the butts or thicker ])arts of the material 
in rotation in tiie different corners, this will carry ri^ht through to the 
dryiiijr press; and it is surprising how little trouble is enc<nintered and how 
even the ])n‘ss will be.’ It is true that in flimsy-textured materials a slij^ht 
amount of residual compilation of the s])ecimen may occur. But it is just 
sm*h materials whi(*h cause the greatest trouble under tropical conditions. 
A^ain. it should be pointed out that there ar(‘ those who would rather work 
with a spec'imen intact but which has a few minor and scarcely visible corru- 
jrations on it than one whi(*h had become half-rotted and ail but buried on 
a mat of funiral hyphae in the dryinjr ])rocess. 

In my own use of metal ('orrufrates I have come to the conclusion that the 
most efficient order of ])a('kin«r in the drying press is as follows: corrujrate— 
s}>e(‘imen in folded newspajier—blotter—s])ecinien in folded news])aper— 
corru^uit<*; etc. In the first part of the process over the heat the press may 
be so placed that the newsjiapers open downward; toward the end the 
press(»s should be reversed so that the (U-ease in the paper is at the bottom, 
thereby making certain that no odd frajrments (extra flowers included for 
dissection, etc.) can fall into the fire and so be lost or perhaps cause a slifrht 

« III pMvSsiiij); it inijjlit Ik* noted that the some prhiciide applies to the mounting; of 
heidmriiiin s])<*einiens. While the iiidividunl s[>eciineii may look better mounted in the 
“ehissieal innnner’’ ns jidvoeated in eertnin places—with the label at the lower rijjht 
corner (where it ou^ht to be) and the stem butt at the lo\vi*r left—a constant rotation 
of the position of the bulky parts of the specimen in the long run will keep the sheets 
more or less level on the herbarium shelves and so avoid the “cascades^’ of sheets and 
“camel backed’’ covers which one sometimes encounters. It is obvious that if this is 
done in the mounting room there is chance that a few pigeon holes will cause some trouble, 
but the law of averages usually holds the specimens on an even keel. In certain woody 
groups the saving in herbarium 8]>ace is as much as .15 ]ier cent; in extreme cases it may 
be almost 40 per cent. 
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burst of flame which, under certain conditions, mi^ht cause a blaze. With 
particularly tender materials, perhaps some special specimen with an un¬ 
usual flower cluster or possibly some item of extreme interest with the flower 
parts already dissected and laid open, the order in the jiress mif?ht be slij^htly 
different: corrugate—blotter—specimen in folded newspaper—blotter— 
corrugate. 

Then there is perhaps iiecessary a word about the (corrugates themselves. 
They may be made of tin ” (tin-plate), but the best of them tend to corrode 
and wear with use and so start rusting. Aluminum would be better; and it is 
likely that a little scouting among the newer of the light-weight alloys would 
reveal some excellent materials. A combination of lightn(*ss and tensile 
strength without brittleness would be ideal. kSo far as the size of the c(»rru- 
gations is concerned—and having used several types—it is my opinion that 
they should be about 1.5 cm. from crest to crest with a total depth of O.b cm. 
This may appear to be a little coarse to some workers, but it is my experience 
that if the corrugations are shallower the plant parts tend to scpieeze into 
the “valleys’’ stopping up the ducts and so defeat the whole purpose of the 
set up. On the other hand if the distance between crests is cut to less than 
1.0 cm. the surface of the edge in contact with the specinnui necessarily will 
have to be too sharp and so tend to add to the (Teasing. 

This problem of creasing when using (H)rrugat(*s of any kind—and es])e- 
cially with the rnetal ones—has been alluded to so often that 1 am m()V(‘d 
to make several additional observations on their use. (Umtom and habit often 
influence our methods. Most of us began our plant pressing by using blotters, 
whtre we learned to “heave on the .straps and s(|ueeze out the water.” And 
1 have seen many a fellow collector stand on the press (sometimes even jump¬ 
ing up and down) while his assistant grunted over the fastenings. There is 
considerable sense to this procedure where blotters alone are used, for pr<»s- 
sure does get rid of some of the water and, furthermore, an intimate contact 
between the plant and blotter speeftls up the pro(*ess of diffusion. Curiously 
enough, I have seen certain collectors use much the same technique when 
“trying out” the metal (corrugates for the first time. It is not n(»ces.sary; 
actually it is this unnecessary pressure which forces the specimen into the 
corrugations, not only slowing down the drying \'ery considerably but also 
producing the ridging on the specimens bemoaned by so many. A firm con¬ 
tact between the specimen and press is all that is needed. 

Naturally, it will be necessary from time to time to tighten the fastenings 
on the press—but that is also true of those specimens dried entirely with 
blotters. The trouble is that with the use of metal corrugates over even mod¬ 
erate heat the drying process goes on so rapidly that a collector who has not 
used them previously waits until the press is loose. By that time the sf)(*(M- 
mens often have shriveled and already dried beyond the point where any- 
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thing can be done with them. After a tough day in the “bush’’ and with 
three or four hours more spent beside a dim kerosene lantern or flickering 
candle cheeking over and possibly amplifying field notes as well as arranging 
the specimens collected the previous day (and which already have gone 
through their 24-hour period of “sweating”), it is not always a particularly 
easy thing to wake up two or three times during the night and crawl out 
from between warm blankets to <*heck the fires and see that the press fasten¬ 
ings are snug, but it is part of the job. During those no(durnal chores—done 
almost automatic^ally after a while—one often can hear the sibilant patter 
of rain on the thatch. It rained all the day before—and the chances are verj^ 
good that it will rain all the next day—just as it has for so many days in 
succession. But no niattei*. The collecting keeps on and (what is more impor¬ 
tant) o!ie knows that the specimens are being dried on schedule. For the 
conscientious collector there is a peculiar brand of comfort in this knowledge 
as he crawls back into his blankets. 

The New York Botanical Garden 
New York 
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THE EVALUATION OF TAXONOMIC CHARACTERS OF 
CULTIVATED BRASSICA WITH A KEY TO 
SPECIES AND VARIETIES—I. 

THE CHARACTERS^ 

Von Gee Sun 

INTRODUCTION 

A better elassification of Brassica has Joii^ been needed. Wliile mueh has 
been published on this jreniis, workers from the time of Eno:ler and of Bailey 
to the present have been infliieneed by the demand of ajrricultural botanists 
for a satisfaetor}^ a^rieultural elassifieation. The author believes that the re¬ 
sulting? combination of botanical principles and apfricultural convenience is 
responsible for mueh confusion. 

The evaluation of morphological characters in conjunction with studies 
of genetics and cytology of interspecific hybrids has been used by the writer 
in making a classification based primarily on botanical principles. 

It should be emphasized also that most quantitative ciiaractei’s have been 
overlooked by the taxonomist because of the difficulty of observation and a 
lack of standard methods for group comparison. It is easy to investigate' a 
quantitative character by means of small sample measurements and analysis 
of variance. The writer applied this method to quantitative characters of 
dih^rent species of Brassica in order to evaluate them taxonomicalJy. Be¬ 
cause of the lack of detailed genetical studies of the genus, he has not arrived 
at a final conclusion on the entire taxonomic problem. 

REVIEW OP LITERATURE 

The more important of the ohler contributions to the classification of 
Brassica are those of Bailey (1922) and of Engler and Gilg (1924). Recently 

^ Contribution from the Deparlinent of Agronomy, College of Agriculture of the 
National ITniversity of Chekiang, where the author is Professor of Agronomy and Director 
of the Agricultural Experiment Station. 

This paper was originallv addressed to the Botanical Review, being forwarded by the 
Department of State. It wus sent then to the editor of the Bulletin, and by him submitted 
for review and criticism to Dr. H. K. Haves of the University of Minnesota. At the in¬ 
stance of the latter the paper was carefully read by Dr. T. M. Currence and Dr. A. E. 
Hutchins of the Department of Horticulture of the same institution, who made valuable 
suggestions and effected some modification and condensation. Certain additional changes 
were made by the editor; a few figures were omitted. Because of current conditions it was 
obviously impractical to communicate with the author in the usual way about his paper. 
The editor trusts that these emendations will prove acceptable to him. 

Part II, containing a discussion and the key to species and varieties, with the list of 
literature cited, will appear in an early issne. Publication of the figures was assisted by 
the Lucien Marcus Underwood Memorial Fund. 
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Morinajra in a series of important papers (1929a,b,c, 1931, 1933, 1934) dis¬ 
missed the naturaJ siieeies-^roups of Brasaiva in the li^ht of eytolo^ical work 
and indicated the principles of a classification which should be acceptable to 
taxonomists. 

Engler and (jiJg divided the Cruciferae into two main jrroups, as follows: 

A. Hairs imbraneljed or none; no glandular hairs. 

B. Hairs all or in part branched, only seldom lacking; glandular hairs sometimes 
manifest. 

Under A we find tlie Sinapeae, characterized as follows: 

Sinapeae. Stigma strongly developed over the placenta, on a capitate or 2-lobed style. 

This tribe is divided as follows: 

b. CotyledoiiH arising at the curve of the embryo. 

ji. Mostly with lateral and median nectaries; fruit mostly a silique, seldom a 
siliele or a tiaiHver.soly jointed silicpie or indehiseent. 

IT. Style 2*lobed suppressed. 

Iira,'<si(‘(nat. (’otyledoiis couduplicate; nectary present; silique some- 
tifiies transversely jointed. 

Four gononi, Ernca, tSiaapis, Brassica, and BapJuntus, wtTe mentioned 
under this tribe. Five cultivated species exclusive of Sinapis alha were reeog- 
nized in Brassica. These are; B. tiipra Koch; /?. ohracea var. acephala DC.; 
var. (/o)HjpJoid(s L.; var. (pmniifi ra D(\; var. sdbauda L.; var. capiiata L.; 
var. hotrpfis L.; B. canipestris L. (= rapa) var. annua (summer oil seed 
typ(*); var. oleifvra (winter oil seed type); var. rapifiva (turnip) ; B. napns 
L. var. annua (summer rape); var. oJeifera (winter rape); var. 
})rassica: and B. jnncta Coss. 

In the opinion of the writer the exclusion of Sinapis alha from Bramca 
should receive the careful attention of .present workers. The classification of 
varieties in the B. annjMsfris and />. juncea group also needs investigation. 

Bailey (1922) described speeies and varieties of Brassica in great detail. 
He separated the genus by the following characters: 

A. Species with fr. pluinly dehiscent by 2 valves. 

B. Fr. a narrow silique, manifestly longer than broad, the se))turn or partition 
usually hatwise of the pod and as broad as the valves. 

C. vSeeds in a single row or series lengthwise the pod in eacli compartment. 

I). 8tigma simple or (‘ssentially so, and nearly or quite capitate. 

K. Plant glabrous, or if hirsute or pubescent then with simple hairs. 

F. FIs. yellow or ochrolencous, 

G. Length of fl. 1/4 in. or more; petals distinctly clawed; 

COt yiedons condup! iea te. 

About 20 cultivated species were described; Sinapis alba was considered 
as a member of the genus. From an inspection of the available material, also 
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from Bailey orig:iual description, it can be seen that thouj?}! the above- 
mentioned 7 key characters hold true |?enerally for most species of the ^enus, 
character E does not seem to be applicable to Sinapis alha. 

Bailey recognized the following characters as important in the separation 
of species: j^laucescence of plant, size and color of flower, habit of sepals 
(erect or vspreadin^Oi distribution of flo\vers on the iiiflorcsceiu'C at anthesis, 
shape and length of beak, and shape of leaves. Many of his subdivisions 
appear to be based on leaf (diaracters. 

Pearson (1928) was the first author to suj?p:est classifying Brarxsica on the 
basis of the chromosome numbers. He rccopiized four classes in the p:emis, 
based upon determinations of chromosome numbers; owinj^ to Karpeehenko’s 
wrong determination of the chromosome number of B. 7 iapus\ Peai^son made 
no satisfactory grouping of the genus. 

Nagai and Sasaoga (1930), Karpechenko (1930), and Morinaga and 
Fukushima (1930) made exhaustive determinations of the chromosome num¬ 
bers. Their results show that there are 7 groups of numbers in the genus, 
which may be listed as follows: 


(^irornosonie number 
12 
8 
9 

10 


17 

18 
19 


8|)t‘('ieH I'xiuuinod 
7L nlha Kabh. (Sinapu aJhn L.) 

B. nigra Koch (Sinapis nigra L.) 
B.arvrnai.s Habh. {Sinapis arvnusis) 

B. oieracea 1)0. (all known varieties) 

B, campesfris L. (all known varieties) 
B. chinensis L. (many varieties) 

B. pckinnms Ruy>r. (many varii^ties) 

B. narinosa Bailey 
B. nipposinica Bailey 
B,rapa L. (many \arieli(*s) 

B. varinaUi Braun 

B, jiincea (’oss. (many varieties) 

B.napus L, (many varieties) 


The above results throw some light on the grouping of the species, but 
relations between species with different numbers of chromosomes remain 
obscure. 

Morinaga in his long series of cytological investigations (1929a,b,c, 1931, 
1933, 1934) of the interspecific hybrids of Brumva showed that three funda¬ 
mental chromosome sets Avere firese it. Species having haploid numbers of 
8, 9, and 10 w^ere considered as elementary species; others were considered 
as amphidiploid sjiecies. Each amphidiploid was said to be derived from the 
combination of two elementary species. As a result of Morinaga ^s work, the 
cultivated species of Brassica may be classified in the 6 groups shown in 
table 1. 

In addition to Morinaga’s results, U (1935) obtained even more decisive 
data, which confirm much of Morinaga’s views. Prom the cross B. campes- 
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iris X B, oleracea, four Fi plants were obtained: COFi-1, intermediate, 
closely rcsemblinjx B. napus in appearance, rather sterile, having 19 somatic 
chromosomes and producing (0-8)^ ±: (19~3)“ at meiosis; COFi~2, more 
fertile, with 28 chromosomes, producing (0-5)”^ zb (9-4)^^ ±; (10-5)^^ ; 
COFi~3, also more fertile, with 29 chromosomes, producing 10” zb 9^; and 
C’()Fi~4, almost fully fertile, with 38 chromosomes, producing 19” at meiosis. 
COFi~4 was (considered to be an experimentally produced B, napus, being 
an amphidiploid with reduplicated chromosome sets of B, campestris and 
B, olvnwra (aacc); while COFi“2 and C()h"j-2 were triploids wdth redupli¬ 
cated sets of B. ohracra and B. campesi^'is res]:)ectively (ace and aac), tri- 
valent formation in COFi--2 being due to a slight aflRuity between B. oleracea 


(c) and B, campvsiris (a). The results of the crosses B. napus xB, oleracea 
and B. napus xB. campestris support these conclusions, meiosis in the Fi of 
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I 

1(» aa 

B. rampf stris 1^. 
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/>*. ropa Jj, 

K. rhineiisis L. 

B. prkiftcnjiis' Rupr. 


11 

8 

hh 

B, nigra Koch 

TIT 

9 

(M* 

B. oh racra li. 

B. alboghibra Bailey 

IV 

18 

:mhl) 

B. juncea (\»s8. 

B. cernna Tlenisl. 

V 

19 

?<a(*c 

B, napus E. 

B. napelhi (’haix 

VI 

i: 

ld»cc 

B. carinata Braun 


' eultivaied Brassica. 

Remarks 

eleiueatary species I 

(Uementiirv species IT 
eleiiumtarv species III 

airiplii(li]»loid species from I and II 

amphidiploid sjjecies from I and III 

.‘unpliidiploid species from II ami III 


the former restmibling tliat in F()Fi-2 and in the latter COFr~3, as is to be 
expected, if the genom of B. napus is Avhat has been indicated. The Fi’s of 
the cross B. car mat a x B. oleracea, acc'ording to U, were very sterile, closely 
resembled the female parent, had 26 chromc^somes, gave 9” ^ 8^ at meiosis; 
ex(*ept Ca()F,~2, which was comphdeiy sterile, had 35 chromosomes, and pro¬ 
duced (9-5)*” r {(>~4)**4 (8“12)*, having a redupli(*ated oleracea set. The 
Fi’sfrom B, carinafa x B. nigra again reseinbl(Hl B. carinata and were highly 
sterile; they produced 8** 9*. Tlu^se results suggest that the genom of B, 

carinaia is a combination of those of B. nigra (b) and B, oleracea (c), a con¬ 
clusion which is partly (*onfirmed by the observation of (0-6)”* (9-3)” + 

(18-12)* in the single, fairly fertile Fi produced from the cross B, napus x B. 
carinaia. From the (‘ross B. junceaxB. carinata, intermediate, partially 
fertile Fi plants with 35 chromosomes were obtained, showing at meiosis 
(8-16)” + (19-3)*, This, in conjunction with Morinaga’s results, shows that 
the genom of B. juncea is aabb. 
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In general, Morinaga’s and U’s genomic hypothesis of Brassica seems 
well established. But the more interesting problem is the taxonomic relation 
of Sinapis alba to Brasaica, 

Sun (1942) following Bailey's system, with his own observations, has 
formulated a key to the species and varieties of Brassica, in which he treats 
the early maturing Chinese rape, “siao-yu-tsai/’ as a variety of B. chinensis 
L, and the late maturing Chinese rape, ‘‘da-yu-tsai," as a variety of B. 
jtmcea Coss.; two other varieties, B. jnncca var. linearifoUa and B. juncca 
var. orthoearpa were added. B, pekincnsis Rupr. is treated as a variety of 
B, chinensis. 

Tsen and Lee (1942) in a preliminary study of Chinese cultivated Bras- 
sicas, described 12 varieties under B. juncca, 4 under B, chinensis, and 3 
under B. pekinensis. Some of these are probably synonymous, comiiarable 
with Sun’s (1942) suggested names. Tsen and Lee indicate that Sinapis and 
Brassica should be combined. 

Sun (1943a), in a study of hybrid vigor in Brassica, found none in the 
Fi of B. pekincnsis (Meitan variety) v B. chinensis var. pandurata> Sun 
(Meitan siao-yu-tsai), which indicates little genetic ditference between these 
two varieties. From an inspection of their morphological chara(d(Ts, it <'an 
be seen that gross ditference between them is confined lo the foliar organs. 
In foliage color, siao»yu-tsai is light green and B, }H kincnsis yellow or yel¬ 
lowish-green; both have winged petioles except that in siao-yu-tsai the lower 
part of the wing may be occasionally lobed or wanting. Radical leaves of 
B. pekincnsis are orbicular or obovate in outline, with broad, fiat, and whit(‘ 
pe^iloles; those of siao-yu-tsai are pandnrate to obovate, with thin petioles. 
From these observations and the results of crossing, Sun suggests that B. 
pekincnsis be treated as a variety under B. chinensis. 

MATERIALS AND METHODS 

When the College of AgricultuTe of the National University of (^hekiang 
moved to Meitan in 1940, a number of varieties of “yu-tsai” and brassica- 
ceous vegetable crops were introduced from various parts of South (Uiina for 
breeding. Morphological characters of these introductions and of local col¬ 
lections were examined; crosses were then made between different varieties 
and species in the spring of 1941. The available materials mostly belonged 
to the 10- and 18-chromosome species; a few to the 9-(diromosome group; and 
only one, rutabaga, to the 19-chromosome group. Later, Professor Jin Zon 
Yu introduced the Japanese B. napelUi Chaix to Meitan, and the 8-, 12-, 17-, 
and other 19-ehromosome species were furnished by Dr. H. W. Howard of 
Cambridge, England, in the latter part of 1942. 

All materials were planted in the nursery garden in small plots, and 
their morphological (characters recorded from seedlings to maturity. For 
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quantitative or size cJiaraeters small random samples were taken from each 
plot and the important characters were measured and compared by analysis 
of variance. 

The characters are as follows: 

1. Hairiness of plant. 

2. Size of pollen "rains. 

3. Stem characters. 

4. Root characters. 

5. Shape of leaves. 

6. Glaucesceiice and color of plant. 

7. Branching habit. 

8. Type of inflorescence at aiithesis. 

9. Type of sepals at antbesis. 

10. Size and shape of petals. 

11. Color of petals. 

12. Length and shape of silique. 

13. Length and shape of beak. 

14. Angle between pedicels and rachis. 

15. Number of seeds per silique. 

K). (V)lor and size of seeds. 

Aincnig the available materials, two may be considered as mutants. One 
is ‘^tson-tsai,” named by Sun (1942) B. jnncca var. Unearifolia. (In Tsen 
and Lee's paper, urophiifUi may be a synonym of this.) A description of this 
variety and its taxonomic and cytologic relationships with other varieties 
may be found in Sun and Sze s paper (1943c). 

The other mutant is white-flowered “ piao-er-tsai/’ which may suggest a 
similarity to Tsen and Lee s B. chincmis var, rosularis, but differs in some 
points. The plant is annual, dwarf, the height 2-3 feet at anthesis, the leaA^es 
dark green, nearly black, glabrous, shining or glossy, not winged, with Avhite 
or greenish-white, thick and broad petioles, the leaf-blade orbicular, entire, 
more or less w rinkled, with one or two small ear-like lobes on the petiole just 
below' the blade (fig. 8). The radical leaves are generally spreading on the 
ground. The stem-leaves are sessile, entire, usually triangular, cordate-ex- 
panded and clasping. Inflorescences are short at anthesis, approximately 
18-25 mm., with flowers clustered at the tip. The petals are white, though 
at the point of inflection of the claw' a very light yellow* color is evident; the 
petal is 10-12 mm. long, 7-9 mm. wide; the sepals are separate and the pedi¬ 
cels spreading; the silique is short, 18-24 mm. long, the mean 20.2 mm.; the 
beak is 4-6 mm. long. The seeds are small and reddish-brow'ii. Natural fer¬ 
tility is low. Crosses w-ere made betw'een white-flowered piao-er-tsai and oilier 
varieties of B. chincnsis in order to study some of its mutant characters. 
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Besides these new types, individuals were found in both the chinensis and 
jtmcea groups with white (very light yellow) petals. These were selfed and 
crossed with normal yellow-petaled plants to study their genetic origin. 

OBSERVATION OP CHARACTERS 

A source of much confusion in earlier work has been the occurrence in 
Brassica of simply inherited characters with large individual effects. By 
virtue of a difference in one or two such characters, plants have been confi¬ 
dently classified in different species. A genetic study of the genus, however, 
immediately reveals the deceptive nature of such differences and leads to 
the discovery of specific distinctions based on differences in the hereditary 
make-up as a whole rather than on differences in particular characters. In 
devising a satisfactory classification it is necessary to use only such charac¬ 
ters as are indicative of fundamental differences in genetic constitution; the 
value of the more important characters for this purpose will now be dis¬ 
cussed. 

It has been pointed out that six chromosome numbers occur in the genus. 
Such differences are well knoum as a basis of clas-sification. e.g., in Triiicxm, 
Avena, Hordeum, Gossypium, Nicoiiana, and Datura. 

1. Size of Pollen Grains. As a result of experiments in the last two 
years, the writer (1943a) has rejiorted that Brassica may be divided into two 
groups according to size of pollen. The large-pollen group includes species 
with 71 = 18 and w = 19; its mean ])o]len lengtli ranges from 41 to 47 p and the 
mean product of length x width from 1179 to 1541 p“. The small-pollen group 
includes species with 7i 9 and 10; its mean pollen length ranges from 
33 to 40 p and the mean product of length x width from 735 to 1080 p\ Judg¬ 
ing from the general appearance of species within each group, the writer has 
pointed out that the 9-chromoKSonie are quite different from the lO-chromo- 
some species, and the 18-chromosome very different from the 19-chroraosome 
species. Actually the 19-chrotnosome are rather closely related to the 9-chro- 
mosome species, and the 18-chromosome to the lO-chromosome. The pollen 
size, therefore, cannot be regarded as a prineijial taxonomic character and 
should be considered only as of secondary importance. 

In the spring of 1943, examination of pollen size of the newly introduced 
species was undertaken by Mr. S. S. Koo (Instructor in Agronomy in this 
University). Species examined included B. nigra, B. campestris, B, carinafa, 
B. napus, and Sinapis alba of Dr. Howard; B. napella of Professor Yu; and 
the local material B. ckinensis var. pandura ta and B. juncea var. orthocarpa. 
Twenty measurements were made for each species. The mean pollen length 
and width are shown in table 2. The differences necessary for significance 
were determined by analysis of variance. 

It is evident that significant differences in size of pollen grains exist 
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anion^^ the speeies examined. According to the writer \s previous observations 
(1943b) and the results shown in table 2, one can conclude that Sirtapis 
albOf B, jnncea var. orthocarpa, B. yiapdla, and B. napus, vshould be classi¬ 
fied as large-pollen species, and B. nigra, B. rampestris, B. carinata^ and B. 
chwcnsis var. panduraia included in the small-pollen group. The pollen 
length of B, carnpestris is significantly less than that of any other observed 
species; there are no significant differences among B. nigra, B. chmensis var. 
panduratn, and B. carimita. The pollen of Sinapia alba is significantly longer 
tluui that of other observed species; there are no significant differences 
among B. juncea var. orihocarpa, B. napvs, and H. napvUa. It should be 
remembered that Sinapis alba has ii = 12, and B. carinafa n = 17. If the pollen 
size is closely related to the haploid chromosome number, then in this case 

TABLE 2. Icufpfi, nuan width, and the product of length x width of pollen 

grainfi in different species of Brassica. 


Species 

Length (^i) 

Width (p) 

Length x width 

Sinapis alba 

44.2 

29.5 

1304.3 

B. nigra 

35.0 

26.1 

914.1 

B, carnpestris 

32.4 

23.8 

772.7 

B. CiJ.nensis var. pandurata 

315,0 

24.7 

888.3 

H. carinata 

37,0 

27.8 

1030.9 

B. juncea var. orihocarpa 

39.5 

29.8 

1179.8 

B. napella 

40.0 

28.9 

1157.3 

B. nap Us . . 

41.2 

29.1 

1200.4 

Least significant difforeJiccH at 
5% point 

1.4 

1.0 



the relation is disproved. But if, on tlie otlier hand, we exclude Sinapis alba 
and consider tlie pollen of B. carinafa as intermediate, the relation will prove 
to b(* real. Generally speaking, l^inapis alba has a lower chromosome number 
but larger pollen size than other speedes of Brassica. One might expect that it 
would j)rove to be of very different genetic origin and to have remarkable 
morphological characters. 

2. Hairiness of Plant. This very distinct character was used by Bugler 
and Gilg in the division of Cruciferae into two groui>s. According to all 
available material, the 9-, 19-, and IT-chromosome species are essentially gla¬ 
brous ; the 8-, 10-, and 18-chroinosome speeies are more or less sparsely setose- 
hairy on young leaves and stems; on the ribs and veins of mature leaves much 
depends upon the variety examined. Moreover, the siliques of all species are 
glabrous, except that that of Sinapis alba has long setose hairs on the whole 
body of the fruit. This should be considered one of the significant differences 
between Sinapis alba and all species of Brassica proper (fig. 1). 

3, Stem Characters. The writer has observed that the stems of all avail¬ 
able species of Brassica are practically ejdhidric, having a very smooth sur- 
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face; but that of 8inapis alba is very rouj^h, and lias vertical furrows or 
ridges evenly distributed through its whole length (fig. 2). Since this charac¬ 
ter has not been found in other species, it may be considered as characteristic 
of Sinapis alba. 

The stem Of kohlrabi is thickened and bulb-like (fig. 3). In other charac¬ 
ters it is rather closely related to B. oleracea. Kohlrabi should be placed in 
the 9-chromosome group and considered as a variety of this species, as Engler 
and Gilg did. As to the inheritance of the ‘"bulb/^ the Fi of the cross cab¬ 
bage X kohlrabi is intermediate between the two parental races. In F 2 both 
forms reappear, but the majority of plants form a continuous series from 



Fig, 2. Stem and leaves of Sinapis alha. Fjg. 3. Thickened biilhdike stem of B. 
olcran^a var. pmigylodrs. 


one extreme to the other (Malinowski 1929, Pease 1926, 1927). Pease sug¬ 
gested three multijile genes, two of wliich, B1 and B2, are major while the 
third, B3, is minor or modifying. The triple recessive represents the ordinary 
stem of cabbage or kale. When both major genes are homozygous a kohlrabi 
bulb is formed. In a plant containing the two major genes it is not possible 
to detect b} eye the presence of the minor gene. In the absence of the major 
genes, the minor converts stalk’’ into ^‘semi-bulb.” On this hypothesis the 
ratio of the three classes, bulb: semi-bulb: stalk, should be 4:59:1; the 
actual figures obtained by Pease agree with this expectation. 

The stem of B. juncea A^ar. ivmicla is characterized by its enlarged rudi- 


Explanation of figure 1 

Siliques of various species of Brassica and of Sinapis alha. a, B. oleracea var. 
acephaUi; b, B. campestTis var. oleifera; c, B. chinansis var. pandnraia; d, B. jitvcea var. 
gracilis; e, B. carinata; f, B. napus var. oleifera; g, B. nigra; li, Sinapis alha. 
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mentary petioles and the shortened internodes of the lower part of the stem, 
a character which has not been found in other species (fig. 4). Because the 
plant dilfers in no other major character from varieties of B. juncea, it 
should be regarded as a variety of this species. 

B, jiincea var, Unearifolia is characterized by a weak stem which is easily 
lodged under heavily manured or stormy conditions. In cross section the 
stem is rather irregular, not circular; it probably contains little lignified 
tissue. The writer has unpublished data to show that this weakness may be 



Pig, 4. Swollen and enlarged rudimentary peticdes and mdcM of 7L junrca var. f sat sat. 
Pig. 15. Siliques of some speeies of Bras.sica. I, B. junrra var. orthovarpa; H, juncf'it 
var. gracilis; III, B. chincnsis var. pandnraia; TV, B. eampcstris var. rapifcra ^snowball) ; 
V, cmipcstrls var. rapifcra (extra early purple top); VT, B. chincnsis var. albiflora. 


controlled by a single recessive gene. Other characters of the plant, ex(*cpt 
leaf-shape, are as in other varieties of B. juncea. 

4. Root Characters. In certain species of Brassica, some roots are en¬ 
larged while others are not. Type of root has long been recognized as an im¬ 
portant taxonomic (character. Enlargement is only found in the 10-, 18-, 
and 19-ehromosome speci(\s. This fact might lead one to postulate that the 
character has a single genetic origin. B. rapa may be considered as the origi¬ 
nal species of Brassica with enlarged storage root and rutabaga as derived 
from the combination of B. oleracea x B. rapa through chromosome doubling. 
Similarly, storage-rooted mustard {B. juncea var. mcgarrhiza) may be de¬ 
rived from the combination of B. nigra x B. rapa. However, the hypothesis 
is not supported by actual data. Kajanus’ (1917) genetic studies and Mori- 
naga’s cytologic investigations should be considered as good examples for 
further study. 

Color variation of the root of the tuberous-rooted species and varieties is 
very wide. The main coloring of the interior parts (the “flesh color”), both 
of turnip (B. rapa) and swede or rutabaga (2?. napm var. napohrassica)^ is 
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either white or yellow. The yellow color is not due to a pij^nient in solution, 
but is borne in plastids. When yellow- and white-rooted plants are crossed, 
irrespective of which is the mother plant, the Pj hybrids are all white-fleshed. 
If these are selfed the Fa generation segregates 3 white to 1 yellow. The color 
inheritance in swedes is slightly more complex, the genes being (luj)licated. 
Hallqvist (1915), Kajanus (1913), and Davey (1931), working indepen¬ 
dently, liave found certain white-fleshed varieties to contain both genes 
breeding true for the white color. When a white-fleshed plant of this nature 
is crossed with a yellow-flesh(‘d swede, the Fi is all white-fleshed. If these Fi 
plants are selfed, the Fa generation segregates 15 Aviiite to 1 yellow. In sw^ede 
X turnip crosses, Kajaiuis fouiul (1917) tliat the gene for wdiite in turnip 
masks the yellow of the swede, while the white swede genes are dominant 
over the yellow' of the turni]). In other words, the hereditary factors govern¬ 
ing flesh color in botli species are very similar, though more complex in the 
sw-ede. 

Sw'e<le strains are commonly grouped according to skin color as purple 
top,'' “bnmze to]),'* and “green top.'’ Kajanus (1912) suggested two genes 
governing them: giving red-green and dominant to green, and giving 

red and dominant to both red-green aiid green. Later (1913). however, he 
discarded because oT the irregularity wdth which color appeared, and con¬ 
sidered red-gremi and green to he fluctuating characters. Davey (1932), 
after re-examiiiijig the auth(K*yaiiiu <H)lor inheritance in swedes, redefined 
Kajanus fa(dor as which produced self-red or self-purple on the sur¬ 
faces between leaf-scars of the “neck,” and, with less certainty, strong 
vinous mauve on the “top,'’ Another gene, A., was found, similar in action 
to but not identical w ith Ai. Complete absence of linkage wus found betw'een 
factors Ai and Xz. and between these and the genes and wliich govern 
flesh (*olor, Kajanus has shown that the genes governing flesh color in turnip 
and swede ar<‘ ])robab]y the same. These facts and the fret|uent oe(‘urren(*e 
of duplicate factors in swedes may be (considered as genetie evidemu^ in favor 
of Morinaga’s cytological view^point. 

As to the shape of storage organs, Kajanus (1913) assumes that two 
multiple factors Li and L. are responsible for the length of the turnip 
**roots.” Tlie root-sha])es produced by the different combinations of these 
genes are as follows; 


roml)illation of genes 


Number of genes 


- L,l, 


L,L. 


L.,L., 

iX^ 

ij 

lX 

iJo 


4 

3 

3 

2 

2 

2 

I 

1 

0 


Shap(‘ of root 
long 

rather long 
rather long 
elongated 
elongated 
elongated 
rather short 
rather short 
short 
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Pig. 5. Leaf shapes of different varieties of B. jmcea. a, var. gracilis; b, var. oh- 
lanceolaia; q, var. megarrhiza; d, var. tsatsai; e, var. rugom; var. multisecta; g, var. 
linearifoluL 


5. Shape of Foliar Organs. The leaf shape of Brassica is quite variable 
even within a single species. For example, B. juncsa var. gracilis has long- 
petioled radical leaves, the blades obovate to oblong-ovate, with small lobes 
gradually diminished toward the base; B. juncea var. ohlanceolata has ob- 
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lanceolate radical leaves and weak |j:rooved petioles, the blades irregularly 
incised, sharply serrate toward the base and not lobed; B. juncea var. mgosa 
has large and quick-growing radical leaves 30 cm. or sometimes 60-90 cm. 
long, obovate or oval, and stout and broad petioles, the blades extending to 
their base; B. juncea var. crhpifolia has large crisped, curled, and fringed 
leaves; B. juncea var. muUisecta has leaves multifid into linear or even fili¬ 
form lobes; 5. juncea var. lincarifolia has all leaves linear, stem-leaves blade¬ 
less, and radical leaves with blades very narrow above but irregularly 
notched below. The writer has unpublished data to show^ that certain leaf- 
forms of B. juncea are inherited as simple Mendelian characters. It w^ould 
be unwise to use these leaf-forms as the basis for the distinction of species. 
(See figure 5.) 

In the 10-chromosome species also diverse leaf-forms are found. For 
example, B. chinensis var. communis has glabrous, rounded, undivided, 
entire radical leaves, tapering ijito long but unwinged, whitened petioles, 
and auriculate-clasping stem-leaves; B. chinensis var. rosularis has the radi¬ 
cal leaf-blades broad-ovate or suborbicular, entire, distinctly marked with 
a number of veins, with thickened, broad, and greenish-white petioles, these 
scarcely bearing leaf-fragments; B. chinensis var. panduraia has the radical 
leaves pandurate or fiddle-shaped to oblong-obovate, tapering to narrow 
slender petioles wdiich are margined and nsnally bear leaf-fragments ut ear¬ 
like lobes below, unable to support the blades in an erect position; leaf-blades 
and midribs are more or less sparsely covered with setose hairs; B. chinensis 
var. pekinensis has radical leaves with characteristic broad-winged petioles, 
and its heart-leaves arc (Tinkled, tending to form a head under suitable en¬ 
vironmental ('(mditions; there are a few setose hairs on the ribs beneath; 
B. chinensis var. ungusiifolia has stem-leaves non-clas})iug, long and narrow, 
petiolale or with a narrow base; its radical leaves arc long and narrow, some¬ 
times curly. (See figure 6.) 

Radical leaves of B. rapa and R. campesiris are long-obovate to oblong- 
ovate, lyrate-})iniiatifid, petiolate, densely covered above and below with 
setose hairs (fig. 7). 

Leaf-forms of different varieties of B. oleracea are also variable. They are 
all practically glabrous. Radical leaves of vars. acephalu and ijongyloides are 
relativeh small, oblong-ovate, petiolate, with leaf-fragments on the lower 
part; I'adical leaves of var. capifata are sessile, large, ni().stly thick, broad- 
orbieular. 

The investigation of the genetics of leaf characters of the races of B. 
oleracea as well as other ra(*es has proved difficult. Not only are these charac¬ 
ters elusive of exact definition but also the type of leaf changes with age of 
the plant. Pease (1926) gives much evidence for the existence of two genes: 
P, w^hich causes the leaf to be petiolate, and E, which causes it to be entire as 
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against lyrate. He suggests for cabbage the formula ppEE, and for kale and 
kohlrabi PPee, Brussels sprouts contain PPEE, The rare type of foliage 
‘‘sessile lyrate’^ is presumably ppee. 

The leaves of kohlrabi are narrower than those of cabbage. Pease reports 
for crosses of these two that when the Fo plants wdth leaves about as narrow 
as the parent kohlrabi are picked out, they are found to form a quarter of 
the total number. He concludes on the basis of Fa and Fj data that one prin¬ 
cipal gene, IF, is involves! in this character difference. 

Pease investigated a monstrosity of the leaf in wdiich outgrowths devel¬ 
oped from the ribs, running at right angles to the surface of the leaf. This 
anomalous growth is usually of a leafy nature, but may become stalky and 
even bear flowers aJid s(*t seeds. This character, called “ asparagodes,'' be¬ 
haves as a sim})le dominant. 

Another leaf character is worth noting, the curly foliage of curly kale, 
wdiich seems to be determined by several multiple factors (Malinowski 1929, 
Pease 192(i). The leaves of kale are well curled, tliose of cabbagt^ flat or at 
most a little wavy. Hybrids are intermediate. F.. segregation yields a con¬ 
tinuous though asymmetric variation between the parental types. 

In ordinary eahbage, the leaves of the terminal shoot are closely folded, 
tbrming the familiar dense head or heart. In Brussels sprouts, the same sort 
t)f deformity occurs, not in the terminal shoot but in the laterals. The two 
forms of hearting are determined by independent Mendeliau factors and in 
the commonly cultivated types both forms do not appear on the same plant. 
The Ft from cabbage x kale, x kohlrahi, or x any nondiearting B. oleracea 
other than Brus.sels sprouts is a plant with slight indications of hearting. 
The leaves of tln^ rosette arc* curved inwards, but do not form a closed liead. 
In the F. botli parental f(»rins appear, but the majority of the plants form 
a continuous range from one extreme to the other (Malinow^ski 1929, Kristof- 
ferson 1924. Pease 1926), Malinowski siigge.sted multiple genes responsible 
for the hearts, det(*rmining the difference in degree of folding of leaves. His 
experiments indicate a possibility of 3 multiple genes. Pease gave evidence 
for a 2-gene system. 

Kristoffersoii, who has made crosses between cabbage and Brussels 
sprouts, is inclined to believe that the cause of the development of lieads in 
tlie leaf axils is not of a simple monohybrid type. The Fi resembles Brussels 
sprouts, having well developed “buttons’^ in the leaf axils. At the top of the 
stem a large, rather (‘ompaet head is formed. The development of buttons in 
the axils varies continuously in the F.,. In .some plants these l)uttons are as 

Explanation of figures 6 and 7 

Fin. 0. Loaf'ShapCH of different varieties of B, chinrnMs. a, var. rosnluris; var, 
clbiflora; c, var, pandurata: d, var, pelcinrnsis; e, var. anganiifolia. Fin, 7. Leaf shapes 
of (a) B. campestru var. oleifera; and (b) B. vmnpesiriif var. rapifera. 
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well developed as in Brussels sprouts; in others they have the ordinary loose 
structure of kale. 

Stem-leaves of JB. napus are oblong-lanceolate, sometimes toothed and 
notched; the radical leaves are oblong-ovate (%. 9). 



¥iq, 8. Leaf-shapes of JB. oleracea var. gonglyodes. Fig. 9. Leaf-shape of B* napus. 
Fig. 10. Leaf-shape of B, carinota. Fig. 11. Leaf-shape of B. nigra. 


The basal leaves of B. carinata are shining, with large oval lobes 3-~5 
inches long, shallowly sinuate-dentate, with small lobes at the base and some¬ 
times fragments on the long petiole; these leaves pass gradually into narrow 
upper cauline petiolate or narrow-based variously dentate floral leaves or 
bracts (fig. 10). 
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Fig. 12. Typos of intloroscenoo of difiPeront spwios of Bmssica and of Sinapiit alba. 
a, B. carin-afa; b, B. oleracra var. nctphaln: e, B. nigra; d, B. juncea var. gracitia; e, B. 
campeatris var. oleifera; f, B, napns var. ole if era; g, Binapia alba. 
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Leaves of J5. nigra are densely covered with hispid hairs, the radical not 
greatly developed, pinnatifid or lobed, the terminal lobe very large, the mar¬ 
gins dejitate or notched, long-petiolate as are the stem-leaves (fig. 11). 

The leaves of Sinapis alha are oval, ovate, or obovate, divided deeply— 
even to the midrib—into 1-3 pairs of notched or angled lobes; the stem- 
leaves are long-petiolate, sparsely covered with setose hairs. 

6. Glaucescence and Color of Plant. Bailey divided all species of Bras- 
sica into two main groups based upon glaucescence. All 9-chromosome and 
19-chromosome species are glaucous-blue or blue-green, sometimes glaucous- 
red in horticultural varieties. It has been noted in the 10-chromosome species 
that glaucescence is found in B. campestris and B, cliinensis var. rosularis, 
the others being essentially not glaucous. In Bailey's key to the species, B, 
7iapif&rmis was placed in the 9- and 19-chromosome section because of its 
glaucescence. However, by examination of other important characters such 
as those of flower and fruit, it should undoubtedly be placed in the 18-chro¬ 
mosome group. 

According to the writer's observation, B. carinata is practically not 
glaucous but rather prominently glossy or shining. 

As to the anthocyaniri pigmentation of the foliage, red and purple have 
often been found in dilferent species and varieties. P^or example, B. chinensis 
var. purpurea may be considered as the typical purple variety in the 10-chro¬ 
mosome group. The purple pigment is distributed practically throughout the 
whole plant except the petals. Purple mustard also has been found in Tsun- 
Yee, Kweichow, China; it belongs to B, jnncea. The distribution of pur})le 
pigment can be identified as of three types. In the first the j)igment is con¬ 
fined to the leaf-blade, while the stem and petiole or midrib are essentially 
green; in the second type purple is distributed practically throughout the 
plant except the petals; in the third purple is confined to the leat-venatioii, 
and is not easy to detect without close observation. The mode of in)ieritane<^ 
of color remains obscure. Genic analysis of the anthocyanin pigment forma¬ 
tion of both 10- and 18-chromosome species has just been undertaken by the 
writer and Mr. C. S. Chu in the College of Agriculture of the National Uni- 
ver>sity of Chekiang. 

Color variation in the foliage of 9-chromosome species is also wide. Re-* 
suits of genetic studies on color inheritance of the cabbage races are sum¬ 
marized in the following paragraphs. 

Kristolferson (lfl24) reported extensive investigations on light red color 
of the midvein in cabbage and in Brussels sprouts. Crosses were made with 
broccoli, which was green in these parts. In the Pi the midvein was light red; 
in F 2 the ratio was 3 light red: 1 green midvein. He designated the gene for 
light red as B; broccoli has 6. A cross between light-red-midveined cabbage 
and a similar type in Brussels sprouts produced only light red in P\ and Pj,, 
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showing that tlie two factors were the same. This light red type was later 
referred to by Kwan (1934) as “siiu>red.'' When kale, whicdi has a green 
midveiii, was crossed with this light red type, tifc Fj had a dark red-violet 
midvein. The Fg plants segregated into dark red-violet, light red, and green 
in a ratio approximating 9:3:4. This would indicate complementary genes. 
He assumed a facdor A in kale which interacted with a factor C in cabbage 
or Brussels sprouts to produce this dark red-violet vein color; kale is Ac and 
cabbage or Brussels sprouts is aC. In Fo there was a deficiency of the light 
red type carrying B, and a proportional excess of the green h type. This devi¬ 
ation, he suggested, might be due to linkage of B with either A or C. Since 
the crosses of broccoli with cabbage and with Brussels sprouts did not give 
dark red-violet inidveins, broccoli must be a. 

In further studies, Kristofferson (1924) found complete dominance of 
dark red leaf in the <*ro.ss of green-leaved light-red-midveined cabbage with 
a dark-red-leaved type. In the there w’ere approximately 3 dark-red¬ 
leaved plants to 1 green. This W’as also true in crosses of dark-red-leaved 
cabbage by kale, by Brussels sprouts, and by broccoli. He suggested the gene 
1) for the dark coloration of red cabbage. But iu the cross of kale with green¬ 
leaved light-red-veined cabbage or with Brussels sprouts, the leaf-color of the 
Fi was dark red-violet. The F., ratio could not be explained by a simple 
hy])othesis, since the variation was continuous. In the cross between red 
(*abbage and tall kale, the F 2 ratio of intermediate and green to dark red was 
approximately 3:1. In the light red cabbage, he assumed that there w^as a 
gene E for extension of dark color when A and T were both present. From 
these results he formulated the most imobable genetic constitution of the 
various types as follows: 

Cabbage M mi BB CC EE 

Red cabbage 1)D AA bb ec ee 

Brussels sprouts dd aa BB CC EE 

Kale <ld AA bb cc cc 

Broccoli dd aa bb CC EE 

Pease (1927) assumed that in the purple kohlrabi two genes for pigment 
w^ere present. Ilis hypothesis is supported by the cross of purple kohlrabi 
X green savoy cabbage. Purple Fj plants were obtained, giving a ratio of 9: 7 
ill F 2 . In crosses of purple Fi ])lants wdtli green cabbage the green behaves 
as a simple recessive to purple. Green cabbage, therefore, probably contains 
one of the complementary color genes present iu purple kohlrabi. 

About 1926, Dr. C. H. Myers of Cornell University found among the 
progeny of a selfed plant of the variety ‘‘Danish round red” a new’ color 
type w4uch he named “magenta.” Magrudev (1930) obtained purple plants 
in the Fi of a cross between sun-red and magenta. The F 2 contained 9 pur¬ 
ple: 3 magenta: 3 sun-red: 1 green. The assumption of tw'o genes explains 
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these results. The gene M is designated as responsible for the production of 
magenta and 8 for the production of sun-red. The purple type is MSy the 
green ms, 

Kwan (1934) stated that a cross of deep purple x sun-red cabbage gave 
an F 2 ratio of 15 purple: 1 sun-red. The Fa and intercross tests show that the 
assumption of two duplicate genes, Rx and R., for purple will explain the 
results. The genes are shown to be cumulative in effect. From the cross deep 
purple X green a ratio of 9 purple: 3 sun-red: 4 green resulted. The Fa fits 
the assumption that two genes are involved: 6r, a basic factor for pigment, 
which with A gives purple and with h gives sun-red. 

7. Branching Habit. It has been noted by Bailey that B, rapa does not 
branch near the base, whereas B. juncea and ehinensis do. According to 
the writer’s observation, the variation in branching habit is very wide. B. 
nigra may be noted as an extremely high-branched species. The lowest 
branches of the main stem are not necessarily all low in B. juncea and B, 
chinensis. B. juncea var. (Manceolaia^ however, is an extremely low-branched 
variety of that species. It develops iis many as 7-10 branches within 10 cm. 
of the ground. Certain other forms, such as B, juncea vars. gracilis and 
orthocarpaf practically never send out branches up to 90 cm. above the 
ground. Some varieties of B, chinensis branch very low’ and some rather 
high; but the highest-branching varieties never reach the height of some 
varieties of B, juncea. 

B. oleraeea, B. napus, and B. carinata, as far as the available material 
shows, all branch low’. 

In 1941, random sample.s of 50 plants in each of B. chine^isis var. pandu- 
rata and B. juncea var.s. gracilis and orfhocarpa w’cre measured for their 
plant height and the height of the lowest branching node. The results are 
shown in table 3, Significant differences exist among varieties in both plant 
height and height of the lowest branch. 

TABLE 3. Mea7i plant hf ipht and the loiernt branching height in 3 varieiicn of yudmi 
(^Chinese rape). 


Variety 

Mean plant height 

Moan branching height 

B. chinensis ^^ar. pandnraia . 

104.9 

15.9 

B, juncea var. gracilis . 

168.6 

53.4 

B, juncea var. orfhocarpa . 

195.4 

96.1 

Significant difference at 5% point ... 

30.8 

9.1 


Though the mode of inheritance of plant height and height of branching 
of different species is still unknown, it is certain that the importance of these 
characters in taxonomic studies should not be overlooked. 
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8. Type of Inflorescence at Anthesis. Bailey re^^ognized this character 
as important in the separation of B. oleracea from other species. He described 
the inflorescence of B. oleracea as elongate and open at anthesis, 10-25 cm. 
long, while that of B, napun was short, the flowers clustered at the top and 
the blooming part usually 6 cm. or less in length. According to the writer’s 
observation, this distinction is well marked. In general, the inflorescence of 
all varieties of B, chinensis, B. juncea, and B. napi4s is rather short at anthe¬ 
sis, the u]io})eued flower-buds (H)rymbosely clustered at the top, never elon¬ 
gate, and the part bearing opened flowers also short. The inflorescence of 

TAFiLE 4. Mtan fnitph of ihe hlooming part of the inflorescence of £1 varieties of 
Brass tea {U>41), 


Species & vjjrietv 


Common name 


Mean length of 
blooming part 


B. oteracra var. cap it at a 
B, oteracea var. aeephaUi 
B. jiincea var. iumida 
B. chniensis var. anpiislifolia 
H. jftneea var. ruposa 
B. Juncca var. gracilis 
B. chinensis var. pandurata 
B. chinensis var. angusiifntta 
B. nap ns var. napohrassiea 
B, eh me ns ts var. amununis 
B. eh i n e n is var. pete i n c n sis 
B. chinensis var. panda rat a 
//. fdcracca var. albof/labra 
B. chmensis var. p* kuif fisis 
B. olt racea var. gongidoides 
B, chinensis var. eontmnnis 
ehini tifcis var. aibiflora 
H. chinensis \ar. com mums 
B. jnncfa var. oblanceolata 
B. Jnnct'a var. iueganUiza 
H, chinensis var. communis 

Significant difiVi-encc at 5% point 


<?‘ommon cabbage jl.9 

Yent>\v- flowered kale H.ll 

].iing-c.hiao-tsai 7.0 

Kweilin hwa-tsai (1) 6.7 

Xaiifeng ehieh-tsai 6.2 

Meitan da yu tsai 5.9 

Meitan siao yu-tsai 5.6 

Kwidlin liwa-tsai (2 ) 4.8 

Rutabaga 4.7 

Kasin green-petioled 5.5 

Meitan liwaug-ya-tsai (1) 5.5 

Sliiaii-taii yu-tsai 5.3 

Whitc llowered kah‘ 5.2 

Meitan hwang-yu-tsai (2) 5.1 

Red kolflrald 2.7 

Kiangmen pe-tsai 2.6 

Pe-hwa-piao-er-tsai 2.2 

]shall pe*t.sai 2.0 

Shealiehuug ehieh tsai 1.9 

Pe-pa-yeh da-ton-tsai 1.7 

Kwaiigsi long-petiolod 1.7 


1.15 


B. carittttfa is (*xtremely elongate, i.e., opened flowers and unopened buds on 
the rachis are very widely separated. Since this is typical of B. oU raeea^ these 
two sliouhl be placed in tlie same group as far as this character is concerned. 

It should be noted that (Mivironmeiital conditions play a part in fluctu¬ 
ation of this character. Measurements of the length of the blooming part 
made on different days will vary greatly. When the air temperature is high 
and the relative humidity is low, the flowering process tends to be rapid, 
hastening the early fall of the i)etals; measurements taken under such condi¬ 
tions will be short. But if the air temperature is low and the humidity is 
high, flowering tends to be delayed and the petals pei^sist longer on the 
flower. Measurements made at such times will be longer. 
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In the spring: of 1941, random samples of 10 measurements on each of 21 
specimens were made on suceesvsive days. Comparisons of the nieaii length 
of the blooming part for all varieties are shown in table 4. Analysis of vari¬ 
ance between and within varietal classes for the 210 measurements was ('al(»u- 
lated. It is clear that variation in length of the blooming part among varie¬ 
ties and species is highly significant. 

From table 4 it is evident that according to the type of inflorescence, 
Bramca may generally be divided into two groups, as pointed out by Bailey. 
One is the long loose type which includes certain varieties of R. okracca and 
B. carmata; the other is the short compact type which includes some varie¬ 
ties of B. okracca and all varieties of B. juncea, B. chitiensis, and B. )iapiis. 
Since variation of the two types is essentially continuous, one can hardly 
draw an accurate borderline between the groups. As far as present data are 
concerned, one ma}" (‘onsider mean lengths of inflorescence above 8 cm. and 
below 7 cm. as the long loose and short compact ty])es respectiv(dy. This is an 
arbitrary standard and may iieed modification. 

9. Type of Sepals at Anthesis. Bailey recognized this character as im¬ 
portant in the classification of species. In his key to the spe(*ies, he distin¬ 
guished two groups: under A are spe(*ies whose sepals are mostly firmly ei'ect 
and not spreading, such as B. okracca, B. 7ia])us, and B. aapifonnis; under 
AA are those whose sepals are separate or spreading, such as B. caoipcsfris, 
B. rapa, B, juncea, B. pekinensis, B, chincnsis, B. nigra^ and B. {Sinapis) 
alba. 

According to the writer^s observation, three types of sepals may be found 
ir Brassica. First is the firmly erect type (fig. 13, a) which iindiides most 
varieties of B. okracca, such as common cabbage and kohlrabi; second is the 
separate type, with an angle formed between the sepals and the central axis 
of the flower of approximately 30-45'^, which imdudes B. carinafa, B. 'napua, 
B. napobramca, B. napiformis, B. ca'mpesfris, and most varieties of B. chi- 
nensis; third is the wide-spreading ty})e, with se})als at anthesis perpendicu¬ 
lar to the central axis (fig. 13, c), which includes B. nigra, Si^iapis alba, and 
almost all varieties of B. juncca. Observation of these types must be made 
at a time when the flowers are fully open. 

10, Size and Shape of Petals. Size and shape of petals should be con¬ 
sidered as important taxonomic characters of Brasaica. Bailey divided the 
species into two groups by letigth of petals. One is the long-petal group, the 
petals ranging from 15 to 25 mm. long, which includes all varieties of B. 
okracca. The other is the short-petal group, the petals being 15 mm. or less 
in length, which includes B. napm and B. napobrassica; but varieties of B. 
chinensis^ B. campestris, and B. juncea are said to have petals only from 10 
to 12 ram. long. Data have been obtained by the writer and his coworkers to 
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show variation in lenpfth and width of the petals. Ten random measurements 
of the lenji^tli and width in eaeh of 22 speeimens and 20 measurements in 
each of 8 speeimens were made in 1941 and 1943 respeetively. In 3944, 10 
random measurements in eacdi of 13 si)eeimens were made. Comparisons of 
variety and sj)eeies means are shown in tables 5, 6, and 7. 



Flo. 13. Tyj»t‘.s of so|)ols of some speeies of lirassica ;uh1 of Sinopis alha. a, B, oteracf^a 
vai*. (jofiffplodrs; b, B. napus var. napohro.ssica; u, B. juncai var. mr(jnrrhi::a: d, B, juncea 
vur. rufpKsa, Fio. 14. Hliajte of petals of .species of Briussica and of Binajm alha. a, B. 
vigra: b, B. juncea var. gracilis: c, B. carinaia: d, B. ofcracca var. actphala; o, B. napuft 
var. oleifcra; f, B. chincnsh var. ponlfurata; B.*Mmpesfris var. oleifcra; 1j, B, cam- 
pesfris var. rapift ra; i, Sinapis alha. 


Evidently jrreat variation in petal size exists anumjr different varieties 
and sf)eeies of Brassica. Bailey’s observation may generally be eonsidered cor¬ 
rect, but his classification into lar^e-flowered and small-flowered groups is 
not entirely satisfactory. Perhaps Brassica may be fairly accurately divided 
into four j^roui)s by petal leiityth. First is the small-flower jrroup, with petal- 
leiijudh from 7 to 9 mm.; B. nifjra and a few varieties of B. rapa are repre¬ 
sentative. Second is the medium-small-flower group, with petal-length ffom 



268 


BULLETIN OP THE TORREY CLUB 


[VOL. 73 


TABLE 5. Mean length and width of petals of different varietiea and species of 
Brassica {1941). 


Coramon name 

Length (mm.) 

Width (mm.) 

Ixmgth 

Width 

Yellow-flowered kale. 

23.9 

11.9 

2.0 

Common cabbage. 

2.3.6 

10.2 

2.3 

White-flowered kale .. . . 

21.3 



Red kohlrabi . 

20.8 

8.5 

2.4 

Meitau siao-yii-tsai. 

13.2 

9.8 

1.3 

Meitan da-yu-tsai. 

12.5 

6.3 

2.0 

Kiangmen pe-tsai . 

12.4 



Kwangsi long-petioled ... 

12.3 



Kweilin hwa-tsai (1) ... 

12.2 

7.7 

1.6 

Nanfeng chieh-tsai . 

11.8 

7.0 

1.7 

Tson-tsai . . 

11.7 

5.0 

2.3 

Ba-toii-tsai. . 

11.6 

5.4 

2.1 

Hwaiig-ya-tsai (1) 

11.6 



Shiaiitan yu-tsai . 

11.6 

6.9 

1.7 

Ishan pe-taai ... ... 

11.6 



Kweilin hwa-tsai (2) . . 

11.4 

7.7 

1.5 

Rutabaga 

11.2 

6.6 

1.7 

Ling-ehiao-tsai . . 

11.1 

5.8 

1.9 

Pe-liwa piao-er-tsai 

11.1 

8.1 

1.4 

Hwang-ya-tsai (2) 

10.7 

6.9 

1.5 

Kasin green-petioled 

10.2 

5.8 

1.7 

Shealiehung chieh-tsai ... 

9.8 

4.6 

2.1 

Snowball turjiip 

9.0 

4.5 

2.0 


Significant difference at 5% point 0.92 0.04 


9 to 13 mm.; this iiielndes all varieties of the 10- and 18-ehromosome speeies. 


Third is the medium-large-flower 

group, with 

petal-length from 13 to 17 

mm.; this ineludes all varieties of the 17- and 19 

-ehromo.some speeies. Fourth 

is the large-flower group, with petal-length from 18 to 25 mm.; 

B, (fl( raced 

is representative. 




It is evident from tables 5, 6, 

and 7 that signifi(*ant differeiiees among 

different varieties within eaeh of the four groups may also be 

found. For 

instanee, in table 5, the mean p^tal-length of the yellow-flowered kale is sta- 

TABLE 6. Mean length and width of petals of different species of Brassica {194J). 

Species 

Length (min.) 

Width (mm.) 

Length 

Width 

B. nigra (English source) 

7.5 

3.3 

2.3 

Sinapis alba (English source) 

11.2 

6.5 

1.7 

B. chinensis var. pandurata . 

13.0 

9.0 

1.4 

B. eampestris (English source) 

11.1 

6.3 

1.8 

B. carinata (English source) . .. 

16.0 

7.7 

2.1 

B. jvncea var. orthocar pa . 

12.4 

6.4 

L9 

B, nap as (English source). 

14.9 

8.4 

1.8 

B»napella (Japanese source) . 

15.3 

9.7 

1.6 

Significant difference at 5% point ... 

0.46 

0.34 
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tistically jLa*eater than that of wliite^flowered kale or red kohlrabi. Meitan 
siao-yn-tsai may be considered as having*: the loiif 2 :est and snowball the short¬ 
est petals ill the inedium-small-flower ^roup, and sijiiiifieant diiferenees may 
be found amoii^ these varieties. From table 6 it may be seen that the petals 
of B. chinntsis var. panditrala are sipiificantly lonj^er than those of B, cam- 
pestrls, and those of B. carinaia are lonjrer than those of B. napun or B, 
iiapella. In table 7, one finds that the petal-length difference between B, chi- 
ncfisis var. pandnraia and B. campcsfris is also significant, bnt that between 
B. carinata and B. napys or B, napclla is not sijrnificant. 

There is a fairly close jiositive correlation between lenjrth and width of 
petals except in Meitan siao-yu-tsai and pe-hwa piao-er-tsai, whose petals are 

TAfiLE 7. Mean length and width of petals of different species of Brassica {W44)^ 


B. nigra 

A*, rapa (extra earlv purple top) 
Sinapis alba . 

B. caiupestris 

B. chinensis var. pandnrata 
B, juneea var. gracilis 
B, carinaia 
B. nap us 
B. napella 

B. oleracea var. aerphala 
( B, ea mpest ris > />*. eh in e n sis var. 
pandurata) F, 

{B. napus X B. eampestris) F, 

(B. napus X B. cam p( sir Is) F,~21 

Sijfiiifieaiit differenee at 5% point 


Jjoiigtli (nini.) 

Width (mm.) 

Lenjjth 

Width 

8.9 

5.0 

2.5 

7.() 

5.2 

2.4 

10.5 

.5.8 

1.8 

9.7 

4.8 

2.0 

11,5 

8.2 

1.4 

10.7 

0.0 

1.8 

15.7 

0.8 

2.0 

14.0 

7.0 

1.8 

15.4 

8.7 

1.5 

21.7 

7.8 

2.8 

11.(> 

0.9 

1.7 

12.4 

7.7 

1.0 

10.9 

4.4 

2.5 

0.70 

0.49 

0.16 


very wide. In Ibis connection, one may direct attention to the shape of the 
petals. The length-width ratio would be a factor in determininj*: the shape; 
this will lead to the differentiation of the narrow-petaled and broad-petaled 
forms of Brassica. Another factor in petal-shape is the length of the claw. 
The writer has observed that the petals of some species are very lon^-clawed, 
and those of others very short-clawed (fi^. 14). Bailey noted in his key to the 
olerarea-napys *>roup that their petals are lonfz-taperin^ to narrow bases, 
while in the camjxsfris-jyncca jrroiip they are said to be less prominently 
taperinj?. It can be seen from fijrnre 17 tliat B. chincysis var. pandurafa may 
be considered as a typical short-clawed variety and B. rapa (extra early 
purple top) has no claw at all; others, such as B. niijra^ B. jnncca^ B, ole- 
racea, B. napus, and B. carinata are all lonjr-clawed; Sinapis alba is also 
lonj 7 -clawed but the petals are rather abruptly constricted between limb and 
claw, not gradually tapering toward the base. 
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The mode of inheritance of these differences m size and shape of petals 
of Bramca seems not to have been investijrated. 

11, Petal Color. Bailey stated that the petals of B. oliracea, B. napus, 
and allied species were cream-yellow, very ]\ght y(‘llovv, oehroleucous, or 
white, and those of other species were brij^ht yellow or snlphnr-yellow. The 
writer has found that the petals of the juncea-chinensis ^roup are not always 
brij^ht yellow or sulphur-yellow. The petals of the new type of B. chhinisis, 
I)e-hwa piao-er-tsai. are white, but at the point of inflection of the claw there 
is a very light yellow color. In addition to this tyi)e, other types of white 
petals have been found in th^ juricca-chinensis group. Petals have often been 
found in Meitau siao-yu-tsai {B. chinensis var. panduraia) which are not so 
white as those of i)e-hwa piao-er-tsai, with a little more yellow pigment dis¬ 
tributed throughout the petal. Another sort of white petal is found in Meitau 
da-yu-tsai {B. jnncca var. (/racilis); its appearance is much like that of 
white-flowered siao-yu-tsai. A cross of white-petaled siao-yu-tsai x normal 
yellow results in normal yellow F, and a ratio of 3 yellow to 1 white in F 2 . 
The yellow of the F. segregates is not uniform; three grades—intensified 
yellow, normal yellow, and greenish-yellow—may be idimtified. Similarly 
two grades—parental white and yelhnvish-white—may be iileutified among 
the white-petaled progeny. 

The Fi of white-petaled da-yu-tsai x normal yellow has also been ob¬ 
tained. The petal color of the hybrid is normal yellow. A ratio of 12 normal 
yellow:3 light yellow:! parental w'hite is obtained in the F^. generation 
wdien the Fi plants are selfed. This suggests a 2-gene hyi)othesis. 

Petals of the Fi plants of pe-hwa piao-er-tsai x yellow-petaled \vild type 
siao-yu-tsai are lemon-yellow. When the Fi was selfed, 14 normal yellow, 2 
lemon yellow% and 5 white were obtained. The backcross progeny of pe-hw’a 
piao-er-tsai x Fj resulted in 33 lemon-yeliow’ and 22 wdiite-petaled plants. 
White petal of piao-er-tsai may differ from wdld ty))e yellow ])etal by a single 
gene. 

Pearson (1929) and Kakizaki (1930^, w'orking indei)endently on material 
from different sources, have reached the same conclusion, that the w-hite 
corolla of B. olvracea is (conditioned by a .single dominant gene W/?, yellow^ 
being recessive. As regards the wdiite-petaled form, Bailey considered it as 
a species under the name B. alboglahra. As far as evidence is available, such 
simply inherited differences, though of considerable interest, cannot be re¬ 
garded as of taxonomic value, and exclusion of them in the delimitation of 
species will remove the most serious anomalies from the older classifi( 5 ation. 
It is possible to select from commercial crops heterozygous plants of white- 
flowered B. alhoglahra w^hich will give progenies consisting of 75 per cent 
white-flowered B. alhoglahra and 25 per cent yellow-flowered B. oleracea — 
two species within a single commercial variety. 
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12. Length and Shape of Silique. According to the writer’s observa¬ 
tions of the last three years, length and shape of siJiqne should be considered 
as among the major taxonomic characters of Brassica. (Classification of spe¬ 
cies based u])on tliis character is found quite satisfactory. The siliques of all 
species of Brassica are essentiaily glabrous, but those of Sinapis alba are 
densely covered with stifi* setose hairs. This should be regarded as one of the 
typical differeiK'Cs between Brassica and Sinapis. Also the silique of Binapis 
alba is shaiq)ly constricted in the center and has seven ridges on each of the 


two valves (fig. 1, h). These also should be considered as major taxonomic 


characters. Moreover, the siliques of B. nigra, B. juncca, and B. carinata are 
all 4-sided, especially those of B. nigra; with no extra ridges except the four 
distinct edges (fig. 1). The external constrictions of these three species are 
not so prominejit as those of Sinapis alba. The siliques of B. chinensis, B. 

TABLK 8. Mean IvhffUi of Hilufne in .specimens of Brassica (1941). 

Xanu* 

Mean length 
(mm.j 

Name 

Mean length 
(mm.; 

Y(‘ll(nv-flowered kale 

71.4 

Meitan da-yu-tsai 

31.7 

Red kohlrald 

07.8 

Snowhall turnip 

31.7 

White tl(>wered kale 

r>7.2 

Horsetail da-yu-tsai . 

31.5 

Green kohliahi 

54.4 

Tson-tsai 

31.4 

Ruta)),Mga 

54.8 

I/mg-chiao-tsai 

31.1 

Meitaii siao-yn-tsai 

44.8 

I shall long-petioled 

30.8 

(’lii-eho yieli da-ton tsai 

57.9 

Kwangsi loug-petioJed . 

27.5 

Pe-pa-yieli da-1 on tsa i 

54.9 

CUiou-chow chieh-tsai 

27.4 

Kiaiiginen ]H*-tsai 

M e i ta n 1 1 w«migi y a -1 sa i 

54.0 

Xant'eng chieh-tsai 

25.0 

53.2 

Pe-hwa piao-er-tsai 

20.2 

Kw'eiliii liwa-tsai 

Significant difference at 

52.7 

5% point: 0.50 inin. 

Shealiehuiig chieh-tsai 

20.2 


alrracca, and B, aapas are all practically glabrous; no distinct ridges can be 
found on their surfaces and they are clli])tic in cross section. 

(Considering the length of silique exclusive of the beak, one finds very 
remarkable differences among species (tables H-IO). Ten random measure¬ 
ments in each of 22 specimens and 20 measurements in each of 5 species of 
Brassica wove made in 1941 and 1943 respectively. In 1944, 10 random mea¬ 
surements in each of 15 specimens were made. The differences necessary for 
significance were determined by analysis of variance. The variance between 
s])ecies or varieties were significantly greater than that within each class, 
indicating real differences among the species and varieties of Brassica. 

The siliques of B. nigra and Sinapis alba are significantly shorter than 
those of any other species. Bailey mentioned that the fruit of B. nigra is 
short, less than 1 inch long, and that of Binapis alba 0.75-1.5 inches long. 
However, the writer has not found one fruit of Sinapis alba which exceeded 
15 mm. in length in samples taken over two years, and no silique of B. nigra 
was found to exceed 14 mm. in length. 
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TABLE 9. Mean length of silique in 5 species of Brassiea {194S), 


Mean length (inm.) 


B. nigra . 

11.0 

Sinapis alba . . 

12.0 

B. juncea var. gracilis . 

29.2 

B, carinnta . 

3()!o 

B, napella . 

48.5 


Species 


Significant difference at 5% point: 1.65 min. 


It can be seen from table 10 that the lengths of siliques of different spe¬ 
cies of Bransica are quite variable in nature. The range of variation may be 
as small as 3 mm., tis in B. nigra, and as large as 41 mm., as in hwang-ya-tsai. 
High variability is associated with long siJi(jues and low with short. It would 
be unfair to use a generalized experimental error for comparing different 
species-means within certain large-silique groups or within certain small- 
silique groups. On account of this relation, three groups—large-, medium-, 
and small-silique groups—have been separated according to the range of 
variation and the mean lengths of silique. Analysis of these groups gave 
quite different variances within species. 

In general, the siliques of the 9- and lO-chromosome species are very long. 

TABLE 10. Ten random measjiremenis of length of silique in each of 15 speemcns 
of Brassiea {1944), 


Name 


Lengths of silique (min.) 


Mean length 
(mm.) 


B. nap Us . 

68 

68 

61 

58 

71 

66 

61 

59 

42 

45 

59.9 

B- napobrassica 

53 

53 

51 

55 

55 

53 

57 

49 

50 

38 

51.4 

B, oleracea var. acephala 

60 

62 

75 

73 

73 

76 

74 

63 

62 

54 

67.0 

B, campestris . 

60 

60 

52 

54 

47 

43 

44 

42 

30 

22 

45.4 

Hwang-ya-tsai (special) 

69 

69 

70 

72 

54 

52 

43 

40 

37 

31 

53.7 

Significant difference at 5% point for 

above: 

9.67 

mm. 







Da-chieh-tsai . 

40 

40 

42 

39 

39 

33 

38 

39 

33 

25 

36.8 

Da-yU'tsai . 

31 ' 

33 

33 

31 

32 

35 

30 

31 

33 

23 

31.2 

B. carinaia . 

35 

35 

34 

32 

33 

27 

31 

26 

22 

18 

29.3 

B. campestris . 

36 

34 

37 

36 

35 

26 

27 

28 

19 

38 

31,6 

Extra early purple top ... 

23 

32 

35 

31 

42 

47 

48 

41 

31 

25 

35.5 

Siao-yU’tsai . 

37 

38 

35 

37 

38 

40 

35 

30 

22 

20 

33.2 

Pe-hwa piao er-tsai . .. 

27 

25 

26 

27 

28 

24 

26 

23 

21 

18 

24.3 

Significant difference at 5 

% point for above: 

5.28 mm. 







B, nigra . 

. 30 

33 

12 

10 

11 

11 

30 

12 

12 

11 

11.2 

Sinapis alba . 

, .. 7 

33 

32 

32 

13 

10 

32 

11 

11 

12 

11.3 

Shealiehung chieh-tsai .... 

17 

20 

18 

21 

20 

20 

19 

20 

38 

18 

19.1 


Significant difference at 5% point for the above: 3.28 mm. 
Significant difference at 5% point for all species: 6.56 mm. 
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The mean lengths range from 48.5 niin. in B. napella (table 9) to 71.4 mm. 
in yellow-flowered kale (table 8). But the mean lengths of silique of nearly 
all varieties of B, juncea, B, chinensis, B. rapa, and B, carhiata are rather 
short, from 19.1 mm. in Shealiehung ehieh-tsai (table 10) to 37.9 mm. in 
ehi-eho-yieh da-toii-tsai (table 8). Table 8 shows that the mean length of 
siliques of Meitan siao-yu>tsai is 44.8 mm., which is significantly less than the 
mean length of the siliques of rutabaga or green kohlrabi but greater than 
that of chi-cho-yieh da-tou-tsai. As shown in table 10, the mean lengtli of 
siliques of another type of siao-yu-tsai in Meitan is 38.2 mm., which is also 
significantly less than that of the long-silique species but not significantly 
different from that of the medium-silique species. In which group should 
Meitan siao-yu-tsai be included? In a study of correlation of characters of 
siao-yu-tsai in Hangchow, Sun and Chon (1930) reported the estimated 
mean length of the siliques, including the beak, as 57.1 mm. The estimated 
standard deviation was 11.7 mm. and the range of variation 30.1-95.0 mm. 
Considering these data, it seems safe to include siao-yu-tsai in the long- 
silique group. 

The variation in silique-leiigth of different types of B. campestris and of 
hwang-ya-tsai is also great. Identification of these species should only doubt¬ 
fully be based on silique-length alone. 

It follows from present data that species of Bra^isica may geiierally be 
placed ill three groujis according to silhpie-Iength: 

1. 8hort-sili(jue group; mean length 11.0-12.0 mm.; range of varia¬ 
tion 7-15 mm.; species: B, nigra, Sinapis alha. 

2. Medium-silique group; mean length 19.1-37.9 mm.; sjiecies: B, 
campestris, B, rapa, B. chinensis, B. juncea, B. carinafa. 

3. Long-silique group; mean length 44.8-71.4 inm.; species: B. olc- 
racea, B. na]}ns {B. napella), B. camjjesiris, B. chinensis var. pandurata 
and var. pekinensis. 

13. Length and Shape of the Beak of Silique. Length and shape of 
beak should also be considered as important taxonomic characters. Bailey 
used this character to separate Brassica (Sinapis) alba from other species. 
He placed B. nigra and all 10- and 18-chromosome species under the heading 
‘‘beak of mature silique slender or conical, terete in section, not seed-bear¬ 
ing,’’ while B, alha is found under the heading “beak of mature silique long 
and flat or two-edged, usually or often containing a seed in the indehiscent 
cell.” The above distinction may generally be considered correct, but the 
writer has found no seed in the beak of Sinapis alha; it is essentially flat, 
scythe-shaped, ecpialing or exceeding the fruit body, in these ways quite 
different from all species of Brassica proi)er. 

Bailey also pointed out that the beak of B. napiis is mostly more than 
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TABLE 11, M^^an lengih of healc in specimens of Brassica (1941), 


Name 

Length of 

Name 

Length of 

beak (mm.) 

))eak (mm.) 

Meitan siao-yu-tsai. 

19.7 

Bed kohlrabi . 

7.7 

Rutabaga . 

13.7 

(k)mmoii da-tou-tsai 

7,6 

Yellow-flowered kale 

n.3 

White-flowered kale . .. 

7.4 

Snowball turnip. 

9.3 

Nanfeng chieh-tsai . . . 

. . 7.4 

Kiaugmeii pe-tsai . 

9.1 

Chi-cho-yieli da-tou-tsai 

7.3 

Horsetail da-yu-tsai ... 

8.8 

Tson-tsai . 

7.3 

Kwaiigsi long-petioled . 

8.7 

Shealiehung chieh-tsai 

6.9 

Islian long-petioled . 

8.7 

(Ulou-chow chieh-tsai 

6.9 

Meitan hwang-ya-tsai ... 

8.1 

Kweilin hwa-tsai . . 

6.3 

Meitan da-yu-tsai . 

8.0 

Ling-chiao-tsai 

5.3 

Green kohlrabi 

7.9 

__ 1 

IV-hwa piao-er-tsai 

. .. 4.9 


Hignificaiit difference iit 5% point: L87 mm. 


TABLE 12. Mean length of hedk in ft specus of Brassica (7,9/,?). 


Species Mejin lenj^th of beak (mm.) 


B. nigra ....... 2.9 

S inapis alha . ... 14.9 

B. jvJivea viir. gracilis . . 0.7 

B.carinaia 3.0 

B.napella . 17.3 


Significant difference at 5% point: 0.H7 mm. 


TABLE 13. Mean length of beak in lo specimens of Brassica {1944), 


Name 

10 measurements of length of beak 

(mm.) 

Mean 

B. nap us . 

16 

38 

36 

16 

16 

16 

17 

15 

14 

16 

16.0 

B. napobrassica . .. 

12 

12 

11 

10 

12 

12 

31 

11 

12 

9 

11.2 

B, campestris {1) 

25 

24 

23 

25 

20 

17 

13 

11 

13 

10 

18.1 

Extra early purple top 

8 

10 

19 

18 

22 

19 

18 

16 

13 

10 

15.3 

B. carnprstris (2) . 

18 

14 

18 

16 

18 

12 

11 

11 

10 

17 

14.5 

Hwang-ya-tsai (special) 

13 

12 

14 

14 

11 

9 

10 

8 

6 

8 

]().» 

Sinapis alba . 

30 

15 

14 

14 

15 

12 

13 

14 

13 

14 

13.4 

Significant difference at 5% point of 

above: 3.04 : 

mm. 







B. oleracea var. acephala 

8 

8 

7 

6 

7 

7 

8 

6 

7 

5 

6.9 

Siao-yu-tsai (var. panduraia) 

6 

7 

6 

5 

6 

6 

4 

5 

3 

3 

5.1 

Pe-hwa piao-er-tsai . 

6 

7 

8 

7 

8 

6 

6 

4 

5 

4 

6.1 

Da-yu-tsai (var. gracilis) 

8 

8 

8 

9 

9 

10 

8 

9 

6 

7 

8.2 

Shealiehung chieh-tsai . . 

5 

4 

6 

6 

6 

6 

7 

6 

4 

6 

5.6 

Ba-chieh-tsai {rvgosa) 

9 

9 

8 

8 

7 

7 

8 

8 

6 

7 

7.7 

B, carinata . 

4 

4 

3 

3 

4 

3 

3 

3 

4 

3 

3.4 

B. nigra . 

2 

3 

3 

3 

3 

3 

3 

3 

3 

4 

3.0 

Significant difference at 5% point for above: 

0.92 mm. 







Significant difference at 5% point for .all species: 

2.16 

mm. 
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1 em. long, that of B, napobrassica nsnally less than 1 cm., and that of B, 
napiformis less than 8 min. 

For a study of the leno:th of the beak, 10 random measurements in each 
of 22 specimens, 20 measurements in each of 5 species, and 10 measurements 
in each of 15 specimens of Brussica were made in 1941, 1943, and 1944 respec¬ 
tively (tables 11-13). 

The mean beak-Ienjrth of siiecimens examined may be classified in two 
main groups, a long-beak class and a short-beak class. The long-beak class 
includes Sinapis alba, all 19-(‘hromosome species, and some of the 10-chromo- 

TABLE 14. SiUqur-brak ratio in 15 specimnts of lirasHca in VJ44, 



Moan siliqne-bcak 


Name 

ratio based on 10 
computations 

Range of variation 

Sinapts alba 

0.8 

0.2 

B. rapa 

2.4 

1.4 

B, vamp(‘.sfri,s (1) 

2.0 

1.7 

B. camprstrix (2 ) 

2.2 

0.0 

Significant diffcrtMico at 5% point for 

ai)ove: 0.35. 


B, napHs 

3.7 

1.0 

B. napobrassira 

4.0 

1.3 

Hwanga-ya-tsai (sjuadal) 

5.3 

2.3 

IVdnva piao-er-tsai 

4.1 

2.0 

Da-yu-tsai 

3.9 

o .> 

Da-cliioh-tsai 

4.8 

2.0 

Shcalichung chieh-tsai 

3.5 

2.3 

B. nipra 

3.8 

2.2 

Siao-yU'tsai 

0.7 

3.3 


Sigiiilicaut at 5% point for above: O.oo. 


B. ol( rac(a var. arrpbala 

9.8 

4.7 

B. cariuata 

8.7 

5.8 


Significant difference at 5% ]»oint for .above: 1.58. 
Significant difference at 5% point f(»r ;ill specimens: 0.71. 


sotne sjiei'imens. The short-beak class includes B. nigra, B. carinuta, all 9- 
and 18-<*hromos()nie specimens, and some of the 10-chromosome spe(dmens. 
Table 11 shows that Meitan siao-yu-tsai belongs to the long-beak class and 
the beak-length variation of other specimens including the 9-, 10-, 18-, and 
19-chr()mosome speides ranges from 4.9 to 11.7 mm. There is practically no 
clear-cut line in tfie classification of s|>ecies; consequently it was thought that 
the ratio of beak-length to silique-length might be more applicable than beak- 
length alone in classifying species. This ratio computed for 15 specimens in 
1944, 5 species in 1943, and 22 specimens in 1941, is shown in tables 14-16. 

The variation of the silique-beak ratio is essentially continuous and no 
clear-cut line can be drawn to separate groups. One outstanding feature 
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TABLE 15. Mean sili^eu-heah ratio in 5 species of Brassica {194S), 


Species Mean silique-beak ratio 


B, nigra . 4.0 

Sinapis alba . 0.8 

B, juncea var. gracilis . 4.4 

B, carinata . 8.4 

B. napella . 2.8 


Signiiicant difference at 5% point; 0.49. 


should be mentioned: the mean silique-beak ratio of Sinapis alha- was found 
to be 0.822 and 0.841 in 1943 and 1944 respectively, definitely showing that 
the beak length exceeds the silique length. This siiould be regarded as an 
identifying character which does not occur in other species. 

Kohlrabi, kale, and B. carinata may be considered as the short-beak spe¬ 
cies in terms of silique length. Some types of Meitan siao-yu-tsai, B, cam- 
pestris, and the extra early purple top turnip may be considered as the long- 
beak type. Other specimens, including B. ni(jra, B. napus, rutabaga, and 
varieties of B. chinensis and of B. juncea can hardly be separated by silique- 
beak ratio. 

14. Angle between Pedicels and Rachis. It is found in Brassica that the 
angle between pedicels and rachis differs in different species. Pedicels of 
B, nigra are closely appressed to the rachis, and Bailey has considere^d this 
as typical of that species. Tlie writer lias found that this character is not 
confined to B. nigra but is found also in B. juncea. Horsetail da-yu-tsai 
(B. juncea var. orthocarpa) is characterized by the same sort of ascending 
pedicels as B. nigra. 

Besides the extreme type of B. nigra, the angle between pedicels and 
rachis varies widely in other species. The pedicels of B. napella and Sinapis 
alha are practically perpendicular to the rachis; while in other species differ¬ 
ent angles are found in different varieties. For a study of the variation in 


TABLE 36. Mean silique-heaik ratio in spednu ns of Brassica {J941). 


Name 

Mean ratio 

Name 

Mean ratio 

Meitan siao-yu-tsai . 

2.3 

Pe-hwa piao-er-tsai . 

4.1 

Sbealiehung eliieli-tsai 

2.9 

Tson-tsai . 

4.3 

Kwangsi long-petioled ... 

3.2 

Common da-ton-tsai .. . 

4.6 

Snowball turnip. 

3.4 

Rutabaga . 

4.7 

Ishan long-petioled . 

3.5 

Kweilin hwa-tsai. 

5.2 

Nanfeng chieh-tsai. 

3.5 

Ohi-cho-yieh da-tou-tsai . ... 

5.2 

Horsetail da-yu-tsai. 

3.6 

Ling-chiao-tsai . 

6.9 

Kiaiigmen pe-tsai . 

3.8 

Yellow-flowered kale 

6.3 

Meitan da-yu-tsai . 

4.0 

Green kohlrabi . 

. . 6.9 

CThou-chow chieh-tsai. 

4.0 

White-flowered kale . 

7.7 

Meitan hwang-ya-tsai 

4.1 

Red kohlrabi . 

. .. 8.8 
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TABLE 17. Mean angUfi between pedicels and rachis in 3 specimens of Brassica 
(1941). 


Name 


Mean angle 

(based on 20 measurements) 


Meitan siao-yu-tsai. 65.2® 

Meitan da-yu-tsai .... 48.0° 

Horsetail da-yu-tsai 14.7° 


Significant difference at 1% point: 9.298°. 


this angle, 20 measurements in each of three specimens were made in 1941. 
Table 17 indicates that the mean angle formed between pedicels and rachis in 
horsetail da-yu-tsai is acute, which means that the silique is appressed to the 
rachis. Meitan siao-yu-tsai represents the wide-spreading type but the angle 
does not reach 90 degrees. Meitan da-yu-tsai represents the intermediate 
type, the angle being about 45°. 

15. Number of Seeds per Silique. It has been pointed out that the 
length of silique may be considered important in the classification of species 
of Bras.sica. It is easily realized that the number of seeds per silique may 
also be of use. Sun and Chon (1930) reported that the mean number of seeds 
j)er silique in Hangchow siao-yu-tsai, estimated from 87 individuals, was 
32.89; the estimated standard deviation was 3.8, and the total range of vari¬ 
ation 24-42. For a study of the variation in number of seeds per silique, 10 
random (‘ounts in eacdi of 6 and 15 specimens of Brassica were made in 1943 
and 1944 r(‘.spectively. It can be seen from tables 18 and 19 that significant 
variation hi number of seeds per silique occurs in different species. Analogous 
to the silique-length groups, three groups may generally be separated accord¬ 
ing to the mean number of seeds ])er sili(jue, as follows: 

1. Small-siii(jue group; seeds per silique from 1 To 8; mean number 
of seeds 3.3-5.6; species included: B. nigra, Sinapis alba, 

2. Medium-silique group; seeds per silique from 9.6 to 20.6; species 
included: B. camjicsiris, B, citinensis, B. carinafa, and B. jnncea, 

TABLK 18. Number of seeds per silique in different .species of Brassica (1943), 


Species 




10 random counts 




Mean 

B. alba . 

3 

4 

o 

4 

4 

4 

4 

3 

5 

5 

3.8 

B. nigra . 

6 

3 

5 

5 

8 

7 

5 

6 

4 

7 

5.6 

B. oarinata 

14 

7 

12 

13 

13 

12 

10 

8 

8 

15 

11.2* 

Da-yu-tsai. 

18 

14 

14 

14 

13 

14 

13 

16 

14 

15 

14.5 

vSiiio-yu-tsai . 

23 

22 

23 

23 

23 

23 

27 

14 

n 

17 

20.6. 

B. napella . 

26 

27 

27 

26 

14 

17 

29 

27 

23 

24 

24.0 


Significant difference of means at 5% point: 2.86. 
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3. Iiar«:e-silique group; seeds per sili(pie from 24 to 30.6; species 
included: B. oleracea, B. w(/piLs* {B. napella), and B, chinensis var. 
pandurata. (In Hangcliow siao-yu-tsai, the range of variations was from 
24 to 42 seeds per silique.) 

16. Color and Size of Seeds. Color and size of seeds of different species 
and varieties of Bt'ussica vary greatly. Sim (1937) examined the variation 
in weight of 50 seeds in relation to seed color of inbred lines of Hangchow 
siao-yu-tsai. His results are reproduced in table 20. They distinctly indi(*ate 
a wide variation in seed size among these inbred lines. A test for inde])en- 

TABLE 19. Xumhtr of seeds per silique in differeni species of Brassica {U^44). 


Name 


Hwang ya-tsa i (special) 
Meitan siao-yu-tsai 
B, cam pest rifi (1) . 
Extra early purple top 
B. campesiris (2) , 

P. carinata 
B, juncea var. rugosa 
Pe-hwa piao-er tSc'd 
B. jnitcea var. gracilis 


B. napus 

B. napohrassiea 

B, oleracea var. acephala 


B. nigra 
Si no pis alba 
Slxealiehung chieli-tsai 





19 random counts 




JMean 

2/) 

39 

25 

39 

14 

8 

6 

4 

5 

(> 

34.9 

24 

25 

23 

23 

24 

30 

22 

17 

3 

3 

19.2 

]7 

27 

v>2 

27 

16 

19 

28 

23 

*) 

4 

18.5 

3 

5 

9 

8 

19 

23 

16 

12 

5 

5 

9.6 

17 

29 

29 

19 

21 

5 

19 

11 

4 

19 

14.6 

15 

15 

18 

15 

13 

12 

11 

11 

5 

4 

31.9 

17 

29 

18 

16 

34 

13 

20 

19 

16 

6 

35.7 

21 

29 

16 

17 

21 

15 

16 

13 

11 

8 

15.8 

14 

16 

13 

14 

14 

15 

16 

15 

16 

6 

13.9 

)f above : 

5rc 

point: 

6.25. 






31 

35 

27 

21 

34 

30 

26 

25 

11 

14 

25.4 

29 

23 

39 

28 

28 

24 

31 

22 

25 

13 

25,3 

26 

27 

36 

38 

33 

38 

36 

28 

25 

19 

39.6 

jf above ; 

5% point: 

6.34. 






5 

6 

4 

5 

4 

4 

3 

5 

5 

5 

4.6 

1 

4 

3 

4 

5 

o 

3 

4 

3 

4 

3.3 

9 

n 

9 

12 

13 

8 

10 

9 

8 

9 

9.6 


Significant difference of means of the above at 5% ]>oiut: 1.04. 
Significant difference of means of all species at 5% })oint: n.al. 


deuce of the data gave 11.637. For 5 degrees of freedom p would fall 
between 0.05 and 0.02, indicating that an association exists between seed 
color and seed size, large seed being associated with yellow and small seed 
with red or purple color. 

For a detailed study of the variation in seed size of different species and 
varieties, seed weights were determined for 2 random samples of 50 seeds in 
each of 44 specimens and 2 random samples of 100 seeds in each of 49 speci¬ 
mens in 1941 and 1943 respectively (tables 21-24). It is seen from table 21 
that seed size varies greatly even within groups of the same number of chro¬ 
mosomes. In general, seed size of the lO-chromosorne group may be considered 
as larger than that of the 18-chromosome group (table 23). Table 24 shows 
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TABLE 20. Frequency distribniion of seed weight in relation to seed color. 


of 50 seeds (g.) 

Purple or 

Number of plants with seeds 
red Yellow' 

Total 

0.10-0.13 

7 

5 

12 

0.13-0.14 

r> 

() 

11 

0.14-0.1,5 

17 

13 

30 

0.15-0.10 

17 

23 

40 

0.10-0.17 

7 

13 

20 

0.17-0.29 

9 

33 

42 

Total 

02 

93 

155 


TABLE 21. ^ean weight of .10 seeds and sred color of different species and varieties 
of Brassira (Urij). 


N a iiu* 

(liren kohlrahi 
Btid kohlrabi 
Whitf-Howerod kale 
VelloAv-flowered kale 
Rutabaga 
Siao-yu-tsai (1) 

Siao-yu-tsai (2) 

Siao-yu-tsai (3) 

Siao-yu-tsai (4) 

Siao-yu-tsai (5) 

Siao-yu-tsai (0) 

Sia()-yu-tsai (7) 

L(»ug petioled pe-tsni 
Kweilin hwa-tsai (1) 
'r7A*-kiang siao-yu-tsai 
White-petaled siao yu tsai (1 
l*(‘-hwa ]dao-er-tsai 
Kweilin hwa-tsai (II) 

Kweilin hwa-tsai 
Loehsiaiig siao-yu-tsai 
Hybrid turnip 
^Manliii siao-yu-t sa i 
White-petaled siao yu-tsai (1 
7*e t.sai 

Sionlan siao-yu-tsai 
3()-day early tsai-tai 
Kasiu short petioled 
Snowball turnip 
Ling-ehiao-taai 
Ha-tou-tsai 
(Miou-ehow ehieh-tsai 
Bed-leaf ehieh-tsai 
Dinfan (4) da-yu-tsai 
San-yeu-ehin ehieh tsai 
White-petaled da-yu-tsai 
Horsetail da-yu-tsai 
ll8U-]>u da-yu-tsai 
Ping-yeu da-yu-tsai .... 
Yellow-hs'if ehieh-tsai 
Naufeng ehieh-tsai . 

Wild da-yu-tsai. 

Ping-yeu (1) da-yu-tsai ... 
Shealiehung ehieh-tsai 
Tson-tsai . 


Seed eolor 
Purple 

Purplish-brown 
Puiplish-black 
Purplish-black 
. . . Purplish-black 

Yellow 
Yellow 
Y<llow 

Purplish-brown 

Ytdlow 

Yellow 

Purplish'browii 
Purplish-hlaek 
Purplish-brown 
f^\irplish-blaek 
) Yidlow 

Reddish-brown 
Purplish-brown 
Purplish brown 
J^urplish-blaek 
Jhirple 

Purplish-black 
) Yellow 

Purplish-black 

Purplish-black 

T'urjilish-brown 

l^uriilish-browii 

Purplish-brown 

Purplish-black 

Brown 

Brown 

Black 

Purplish-brown 
Pur] lie 
Yellow' 

B row'll 

.. . , Purplish-brown 

Purplish-brown 
Purplish-brown 
Purplish-brown 

. Reddish-browui 

. . i^urplish-browii 

Brow’ll 
Brow'll 


Weight of 

Calculated for 

,50 seeds 

100 seeds 

0.22 

0.45 

0.15 

0.30 

0.14 

0.29 

0.13 

0.20 

0.10 

0.21 

0.20 

0.40 

0.17 

0.35 

0.17 

0.35 

0.15 

0.30 

0.15 

0.30 

0.14 

0.29 

0.14 

0.29 

0.10 

0.20 

0.10 

0.21 

0.09 

0.18 

0.09 

0.18 

0.09 

0.17 

0.08 

0.17 

0.08 

0.10 

0.08 

0.16 

0.07 

0.14 

0.07 

0.14 

0.07 

0.13 

0.07 

0.13 

(i.or> 

0.13 

0.00 

0.13 

0.00 

0,12 

0.04 

0,08 

0.08 

0.1(5 

0.08 

O.IO 

0.07 

0.13 

0.07 

0.13 

0.07 

0.13 

0.00 

0.13 

0.00 

0.13 

0.00 

0.13 

0.00 

0.12 

0.05 

0.11 

0.05 

0.10 

0.04 

0.08 

0.04 

0.09 

0.04 

0.09 

0.04 

0.08 

0.03 

0.05 
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TABLE 22. Frequency diHtribution of seed weight in relation to number of chromo¬ 
somes {1941), 



Number of varieties having 

Total 


10 

::r 18 

0.05-0.12 

2 

7 

9 

0.12-0.16 

7 

9 

16 

0.1t5-0.20 

5 

0 

5 

0.20-0.32 

6 

0 

6 

0.32-0.40 

3 

0 

3 

Total . 

23 

16 

39 

TABLE 23. Weight of 100 seeds in 

each of 49 varieties of rape 

{1943), 

Name 


Seed color 

Mean wt. of 100 
seeds (g.) 


Siao-yu-tsai (y x w) Eo . 

Y'ellow 

0.38 

Siao-yii'tsai (1) . 

Yellow 

0.37 

Siao-y u-tsai (2) . 

Yellow 

0.36 

Siao-yu*taai (70) . 

Yellow 

0.33 

Siao-yu-tsai X Kweilin hwa-tsai F™ . 

Purple 

0.33 

Smo-yu-tsai (3) . 

Yellow 

0.32 

Ishan siao-yu-tsai . 

Purple 

0.32 

Bitter siao-yu-tsai. 

Purple 

0.32 

Siao-yu-tsai(y x p) F. . 

Yellow & ]>urple 

0.31 

Yuanlin siao-yu-tsai . . 

Purple 

0.30 

Szermen siao-yu-tsai . . 

Purple 

0.30 

Tze-kiang siao-vu-tsai 

Purple 

(».30 

Iju-chie siao-yu-tsai . 

Purple 

0.30 

Wliite-petaled siao-vu-tsai . 

Yellow 

i).30 

Let-hsiang siao-yu-tsai . 

Purple 

0.29 

Siontan siao-yu-tsai . 

Purple 

0.29 

Pe-hw’a piao-cr-tsai x siao-yu-tsai Fo 

Purj)le 

0.27 

Pe-hwa piao-er-t.sai X wild siao-yu-tsai F« . 

Ihirple 

(».21 

Siao-yu-tsai commercial . 

Yellow 

0.20 

B, napella . . 

Deep i)urple 

0.25 

Da-yu-tsai dinfan (4)a 

Deep purj)l(‘ 

0.27 

Ba-yu-tsai pinyeh (2). 

Deei> purple 

0.24 

Da-yu-tsai commercial (1) . 

Purple 

0.22 

Da-yu-tsai (101) 

Yellow 

0.22 

Da-yu-tsai commercial (2) .... ... 

Yellow 

0.22 

Da-yu-tsai pinyeh (4) . .... ... 

Purple 

0.22 

Da-yu-tsai hwauiiin (2) 

Purple 

0.22 

Da-yu-tsai loo-dieh (1) .#. 

Pur]»Je 

0.21 

Da-yu-tsai (104) ... . 

Y’^ellow 

0.21 

Da-jui-tsai dinfan (4)b . 

Purple 

0.21 

Da-yu-tsai cbangsei (4). 

Purph* & yellow 

0.21 

Da-yu-tsai (106) . . 

YY'llow 

0.21 

Da-yu-tsai (110) . . 

Yellow 

0.20 

Da-yu-tsai (96) . . . 

Yellow 

0.20 

Da-yu-lsai commercial . 

Yellow 

0.20 

Da-vu-tsai (107) . 

Yellow 

0.20 

Da-yu-tsai pingchow (2) . 

Pur]>le 

0.20 

Da-yu-isai kwenlin (2; ... . 

J’urple 

0.20 

Da-yu-tsai pinyeh (1) . 

Pur])le 

0.19 

Da-yu-tsai (102) . 

Yellow 

0.19 

Da-yu-tsai sze-pim (2) . 

Purple 

0.18 

Horsetail da-yu-tsai . 

Yellow^ 

0.18 

Da-yu-tsai sbepu sweet . 

Purple 

0.18 

White-petaled da-yu-tsai . 

Y'ellow 

0.17 

(Tson-tsai X da-yu-tsai)P 3 . 

Pur]:>le 

0.16 

(Shealiehung x wdiite-petaled da-yu-tsai) Fa 

Puri>le 

0.15 

(Tson-tsai x Shealiehung)Fg . 

Purple 

0.14 

Tson-tsai . 

Purple 

0.14 

Shealiehung . 

Purple 

0.13 
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variation in seed size amoiij? the 49 varieties tested. Analogous 
to the 1941 results, variation is also great within groups having the same 
number of chromosomes (table 25). 

TABLK 24. Frequency dial rib ution. of seed weight in relation to number of chromo- 
somcfi of two Chinese species of rape {194S), 


Number of varieties having 


Weight of 100 Heeds - 

w — 10 

nrzlH 

Total 

0.101-0.15 

0 

4 

4 

0.151-0.20 

0 

12 

12 

0.201-0.25 

2 

12 

14 

0.251-0.3C 

6 

1 

7 

0.301-0.35 

8 

0 

8 

0.351-0.40 

3 

0 

3 

Totuls 

19 

29 

48 


Altliough there is association between seed size and species groups, owing 
to tlie (‘ontinuous and overlapping distribution of their fref|iieneies the two 
groups can hardly be separated by seed size alone. Size of seed, therefore, 
can be considered as only minor foi* taxonomic* pur[>oses. 

As to seed (*olor variation, many shades from purplish-black to light 
yellow have been observed in both 10- and 18-chromosome species. The pres¬ 
ence or absence of pigment and its genetic nature were not investigated until 
re<*ently. Varietal crosses were made between yellow and purple vseed-types 
of B. juHcva in the s|)ring of 1941. Breeding experiments have shown that 
purple was dominant over yellow, as indicated by the phenotype of the Fj 
hybrid. In certain Fo populations, a segregation of 15 purple and red to 1 
yellow was obtained. Another population showed a ratio of 3 red to 1 yellow. 
A back cross progeny of the yellow-seeded parent by an Fi plant showed a 
ratio of 8 red to 1 yellow, wliicli confirms the (lui)li(‘ate factor hypothesis sug¬ 
gested by t he Fv. 

From the above results it may b<* safe to conclude that color and size of 
seed of B. chinensis and B. juncnt can be regarded as useful for identifying 
agricultural varieties within these two species, but not adequate for differ¬ 
entiation of spec'ies in general 
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BANISTERIA CAAPI SPRUCE: ITS CHROMOSOMES’ 

J. T. Baldwin, Jr. 

Not a few of tlie seieiitifieally minded travelers in the Amazonian rej^ion 
have written of *^Gaapi^^: Banistcria Caapi Spriiee. Dncke (1943) states 
that the [)ronnneiatioii in Ungna geral conforms to the spelling ^'capi.^^ And, 
of course, there are other poimlar desijrnations for tlie plant, whicli is a 
shrubby vine of the Malpij»:hia(*eae. Richard SJpruce, in the ISfiO’s, was 
acquainted with its cultivation as a drujr plant by the Indians on the upper 
tributaries of the Rio Ne^ro in Amazonas, Brazil, at the cataracts of the 
Orinoco in Veneznela, and in parts of eastern Peru and Ecuador. In a letter 
about ^*Caapi'^ Dr. Raymond M. Hann of the National Institute of Health 
has informed me that “the alkaloid is banisterine and it is identical with 
harmine/’ a derivative of one of the Rutaceae. Perhaps the best ori^dnal 
account of ^^Caapi^' and of the effects of its use by the Indians is that of 
Spruce (1908). A readable and j»eneral summary is ^iven by L(‘win (1931), 
who says that it “(‘vokes mental disorders similar to the effects” of Datura. 

The lower part of the stem is beaten in a mortar, and, after the woody 
debris is sei)arated, the I'emainder is diluted with water and diniidc. Accord- 
iii^' to some writers the triturat(‘d material is boil(‘d. Also, sometim(‘s, ])arts 
of other jdants are added to the [)reparation. The general effects of drinkinj:* 
^^Caapi’^ .seem to be: fluctuations in temperature, disturbanct' of si».»ht, 
vomitin^^ and vertigo, feelings of fear and of boldness, visions of things 
wonderfully pleasant ajid beautiful and of things horrible. Spruce (19()s) 
stated: “In two minutes or less after drinking fa certain airiouJit of] it, its 
effects be^in to be a])parent. The Indian turns deadly pale, trembles in every 
limb, and horror is in his aspect. Suddenly contrary symi)toms succeed : lu‘ 
bursts into a persjnration, and seems possessed with reckless fury. ... In 
about ten minutes the excitement has ])assed off, and the Indian j^rows calm, 

1 Morton (1930) ^ave the reasons f<n- accepting the ^(*nu.s Bohistf riojfsis Rohinsoji 
find (1931) assigned the ])lant here treated to it. In the ijitter paper lie di^serihed Barti 
ffteriopsis infbriaris and discussed its relations to B. Caapi and B. (fuifcnsifc all these firt* 
powerful drujj plants. Though I know nothing of the merits of specific relation in this 
particular aggregate, it is my impression that many groujis of trojiicjil phints are over 
named through a lack of understanding of genetic variation in thosi* groups. And 1 
wonder whether tropical floras—of the Aimizonian region, for example—when they are well 
understood, will prove as rich in species as they now S(H‘m: from my own ex]»erienc{‘ with 
JIrvea Aubl. throughout much of its distribution area T judge that numerous Amazonian 
species undergo introgressive hybridization with resultant difficulties for herbarium 
studies and that many species in that region are characterized by ecotypes which at tlie 
hands of systematists are frequently accorded recognition in binomial terms. This is not 
to imply doubt on my part that hundreds of species await description. 
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blit apiiears exhausted/' Aeeordiii" to Lewin (1931) Koeh-Griinberjr, who 
spent much time in northwest Amazonia, ‘'drank tw^o small calabashes of the 
ma^de liquor. After a short time he experienced, especially when he emerged 
into darkiKvss, a peculiar scintillation in crude colours before his eyes. When 
wanting, shadow^s like red flames passed over the paper. The dose w^as insuffi- 
ei(‘ut to enable him to experience the sensations produced in the Indians by 
this Phantasticum.’' 

1 have seen '*Ca(ipi^^ cultivated at Cuculiy, at the Venezuelan border, on 
the Kio Negro, in Amazonas, Brazil; shortly above the mouth of the Eio 
Uaupes, in Amazonasat the Campo Experimental, near Manaos, Amazonas, 
where it had been transplanted by Adolj)ho Ducke from the Mio Curicuriary, 
a tributary of tiie U])per Kio Negro (a specimen is in the U. S. National 
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Clijomosuuu’s (»1‘ Jinmstf ria Caapl Sj»ru('C. Pkj. 1. Metapliaso plate fjom leaf of 
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bv nerMie(‘ ^1, Spe<’se. Magnitieation cd. v 2000. 
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Herbarium: Ditrkr /o,V) ; and at Belmii, Para, Brazil. Cuttings from the 
plants at Cucuhy, Manaos, and Belem are now* growing at The Blandy 
Experimental Farm. 

The ])lants have not flowered in our greenhouse. No vegetative ditferences 
have been observi'd. Diieke (1943) described a new” genus and speeies —Cahi 
ptiraoisls —from plants enltivated at Belem, Para, whieh, in a sterile condi¬ 
tion, are distinguished from B. Caapi only by the thinner leaves of the 

■2 In Maroli, 1944, at Trovao on llie Rio I'aiqH^H, illness prevented my^ attending an 
all-uiglit firsia held by the Indians. When, after daybreak, I entered the house in which 
the eelebration was still in progress, an Indian—Just as recorded by Spruce almost a 
hundred years earlier—ran stumblingly from the oj)]U)8ite end of the house to offer me a 
calabash of what T think was ** Caapi* because of my condition, I refused the drink. 
The crowd was orderly and rather gay; they had l)een somewhat noisy during the night. 
Everybody there appeared to have been dusted with a white, flour-like substance. 
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latter. He states that the people of Para ‘Mjjjiore'^ the narcotic properties of 
Banisieria. However, the native from whose house I obtained in 

Belem told me that a drink was made from it and that its leaves were bruised 
in water used for bathin**-. No other record of **C(iapi*^ for ablntionary 
I)urposes has been eiu'oiuitered, and this report may be without si|»:nificance. 

Under favorable conditions the plant is a rampant ^H*ower. At the Campo 
Experimental in Manaos ^'Caapi^* is at intervals crudely hacked to prevent 
its too j>:reat spread. If a considerable su])ply of the dru<»‘ were needed, it 
could be readily })roduced. 

With the assistance of Bernice M. Speese the (diromosomes of three col¬ 
lections of Banisteria Caapi at The Blaiuly Experimental P’’arm have been 
examined in leaf smears. They all have a 2a-uumber of 20 chromosomes, with 
median or subniedian constrictions (fi»s. 1, 2). The material is cytoloj^ically 
diflScult, but with the use of colchicine excellent pre])arations were made. 
It was hoped that there would be polyploid differences havinjr possible corre¬ 
lation Avith dru^ content. 

No chromosome-number records for the Mali)i^hiaceae have been found 
in the literature. Nuclear divisions in which chromosomes are represented 
have been published for Galphiniia and Malpighia by Stenar (1927), for 
Malpiglna by Narasimhachar (1938), and for Hipfagr by Subba Rao (1940) : 
these authors Avere iiderested in me^’as])oro^enesis afid (unbryo-sac develoj)- 
inent but jrave no attention to (chromosomal detail. 

SUMMARY 

An account of Batiistrria Caapi Spruce as a dru" plant of the Amazonian 
Indians is jriven. The chromosomes of three cultivated ))lants from different 
sources were examined: the 2/Lmnnber is 20; the chromosomes have median 
or submedian constrictions. The plants studied did not differ ve^etatively; 
they were not brouj^dit to flower. No other chromosome-number reports are 
known for the Malpijrhiaceae. 

The Blandy Experimej^tal Farm 
Boyce, Virginia 
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STUDIES IN THE SAPOTACEAE—V. THE SOUTH AMERICAN 
SPECIES OF CHRYSOPHYLLUM 

Arthur Cronquist 

In continuation of my studies on the American Sapoia<‘eae, under the 
auspices of the Chicle Development Company, I have undertaken a revision 
of the South American species of ChrysophyUum. Thirty species are here 
reco^ized, two of which are known to me only from the original descrip¬ 
tions. Three new species are described. The species are, in j^eneral, well 
marked and sharply defined, and, with the exception of C, maryinatum^ do 
not show an unusual amount of intraspecific variability. The number of spe¬ 
cies still known from only one or a very few collections sujjp^ests that others 
remain to be discovered. 

I have tried without success to prepare a reasonable phyletic scheme. 
Cliaracters which would seem a priori to be p>rimitive. such as attachment 
of the filaments toward the base of the corolla-tube, inst(*ad of at the throat, 
are rather consistently associated with apparently advanced features, such 
as villous anthers or lonj^ linear seed-scars. The implication of these diffi¬ 
culties is that the primitive species, and the an(*estral home of the p:enus, are 
to be sought in the old world, where a number of species occur today. This 
conclusion is in accordance with the fact that several African species of 
ChrysophyUum often show vestigial staminodes (which are only very rarely 
seen in American plants), and that the primitive j^umera of the family are 
in the old w’orld. 1 have tried to place related species tojiether in the key and 
text, but the sequence here used has no other phyletic significance. 

The failure of some workers to recognize tlie importance of seed-(‘}iarac- 
ters in the family, together wu*th the fact that the seeds of many of the 
speines are unknown, has led to the imi)ression that the genera of the Sapola- 
ceac are vague and ill-defined, but, while doubtful species and indefinite 
boundaries between genera certainly exist, these are of little more signifi¬ 
cance in proportion to the w^hole than in many other families. ChrysophyUum 
is distinguished from all other American Sapotaceae by the combination of 
albumijious seeds and lack of staminodes. Jn the abseiU'C of fruit, species of 
ChrysophyUum might be confused with the likewise astaminodial Pradosia, 
Ecclinusciy and Oxyihcce. Pradosia may then be distinguished by the ab¬ 
ruptly tenuous distal portion of the filaments, which is reflexed in bud, 
Ecclintcsa by the usual presence of stipules and by its habit, and Oxyihece 
by the texture and venation of the leaves. These have the primary lateral 
veins obscure or impressed above, and not very prominent beneath, ajid the 
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secondary veins-obscure on both sides or, if visible beneath, at least not 
raised. The lower surface of the leaves is more or less glaucous. Such a vena¬ 
tion is rarely found in Ckrysophyllnm, although C. armarium and forms of 
C. marginafum approach it. The glaucous lower leaf-surfaces of most species 
of Oxythece find no counterpart in Chrysophyllum. Chrysophyllum imperi- 
ale has a double bend near the middle of the filaments, but the filaments are 
of the same texture throughout, and the very large, toothed leaves of the 
species are enough to distiiiguish it at a glance not only from Pradosia but 
from all other species of Chrysophyllum. Other species of Chrysophyllum 
have straight or oturasionally flexuous filaments of essentially uniform tex¬ 
ture. Chrysophyllum pricurii and (7. cuueifolium, while surely to be included 
in Chrysophyllum, resemble Ecclinusa in habit, and may indeed be related 
to that genus. 

Nearly 1000 herbarium sheets have been used in this study. I wish to 
thank the curators of the various herbaria from which specimens were made 
available. A list of these, together with the abbreviations used for them in 
citing specimens is a{)peiided. In general, all specimens from the larger her¬ 
baria are cited, ex(‘ept those, particularly of the more common species, with 
incomplete data. 

A—Arnold Arboretiiin, Harvard Univc'rsity, Jamaica Plain, Mass. 

UG—Oopartment of Agriculture, Hritisli Guiana. 

C —Vniversity of California, Berkeley. 

V —(^hieago Natural T[ist<n*y Museum (Pield MinseunO, (''hicago, Til. 

G—Gray Herbariuin, Harvard University, Cambridge, Mass. 

K—Royal Botanical Gardens, Kew, Kiigland. 

Aticli—University of Michigan, Ann Arbor. 

MO-- Missouri Botanical Garden, St. Louis. 

N.\ "-'United States National Arboretum, ITeltsville, Aid. 

NA’—New York Botanical Garden. 

P—Museum d’Histoire Naturelle, Ibiris. 

8—Botanical Museum of Stockliolm. 

US—United States National Herbarium, Washington, D. (\ 

V— Servicio Botanico, Ministerio de Agricultura, Caracas, Venezu(*la. 

Herbario del Instituto Miguel lallo, Univ<*rsidad Nacional de Tucumdn, 

Argentina. 

Instituto de Botaiiica Harwiuion, Pmeiios Aires, Argentina. 

Jardin Botanico, Asuncion, Paraguay. 

Museo Argeiitino de Cieiicias Naturales, ITuenos Aires, Argentina. 

The following generic des('ri})tion is drawn solely from American plants, 
bnt will of course ap})ly in large part to the gt^iius as a whole. 

Chrysophyllum L, Sp, PI. 192. 1758. 

Trees or shrubs with milky juice; leaves simple, alternate, entire or 
rarely toothed, glabrous or more or le,ss hairy, often sericeous beneath, the 
hairs malphighiaeeous, or stalked and bifurcate; venation various, most 
commonly wdth the larger secondary lateral veins trending parallel to the 
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primary ones, the areolae with the lon^? axis parallel to the primary lateral 
veins, but sometimes irregularly reticulate, as in many species of Pouteria, 
or closely striate, as in MicrophoUis, or with prominent secondary veins at 
ri^rht anjrles to the primary ones, as in Ecclinusa; stipules wantinj?; flowers 
most commonly in axillary clusters, sometimes at defoliated nodes, 5-merous, 
or casually 4~6«merous as to sepals, petals, and stamens; sympetalous; sta¬ 
mens as many as the corolla-lobes and opposite them, epipetalous; staminodes 
wantinjr, or rarely a few casual and irrejrularly developed vestiges; ovary 
with 5 carpels and as many locules, or occasionally with only 4 or as many 
as 12 carpels and locules; ovules solitary in each locule, attached laterally or 
basilaterally to the axial placenta; style short, columnar, with obscurely to 
evidently lobed capitate stigma; fruit fleshy, often edible; seeds solitary or 
several, with lar^e basilateral or lon<r, narrow or broad lateral scar, this 
sometimes extendinj»: less than half way to the middle, but then very broad; 
endosperm well developed; embryo with thin (‘otyledons and well (h'velopecl 
caudicle. 

Type species: C. cainifo L. 

KEY TO THE SPECIES 

1. Anthers jjhibroiis; tilameiits varioii8l,v attached. 

2. Filaments attached at or below the middle of th(‘ eorolla-tnbe; seed 
scar linear or linear-elliptic, not over about 4 nini. wide, except 
perhaps in C, cuneifolinm, whose mature seed is unknown to me. 

3, Corolla-lobes about 0.6--0.9 mm. long, truncate, fringed-ciliolate; 
frnit several-seeded, about 5 cm. thick; seed-scar linear-elliptic, 
about 4 mm. wide. 1. (\ (.rcf lsum. 

3. Corolla-lobes about 1.5-3 mm. tong, neither tniucat(> nor fringed 
ciliolate; fruit various; seed-scar, where known, narrower, seldom 
over 2 mm. wide. 

4. Leaves entire; filaments straight or nearly so. 

5. Primary lateral veins mostly well distinguished from the larger 
secondary ones, the leaf not at all striate; ovary hairy above 
as well as below. 

6. Flowers numerous in clusters on old wood or on defoliated 
portions of twigs, the })edicels, except in (\ aulnvocarpum, 
mostly ()-10 mm. long; secondary lateral veins, except per- 
liaps in C. anlococarpum (where uiikmmm to me), sinuous, 
nearly parallel, trending oblhpiely between or nearly at 
right angles to the ])rimary ones, the tertiary veins tending 
to be per])endicular to the secondary ones, though sometimes 
obscure; Amazon basin and northward. 

7. Flowers ^ ‘ subscssile ^ ; fruit ellipsoid, C em. long, 3 cm. 
thick, single seeded; leaves glabrous; petioles 2-3 cm. 
long. 2. (\ aalavocarpam. 

7. Flowers on pedicels 6-10 mm. long; fruit globose to de- 
pressed-obovoid, as thick as long, several-seeded; leaves 
and petioles various. 

8. Petioles about 20-35 mm. long; leaves rufous-sericeous 
beneath, eventually glabrate; primary lateral vein.s 
mostly t)-12 pair. 3. C, prieurii. 

8. Petioles al>out 2-8 mm. long; leaves glabrous, or coarsely 
strigose on the midrib and main veins beneath; primary 
lateral veins mostly 12-20 pair. 4. C. cunrifoliuit}. 
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6. ricwers 1-6 in the axils or at recently defoliated nodes, the 
pedicels about 5 mm. long or less; secondary and tertiary 
lateral veins forming an irregular reticulum; Ceara to I^ru- 
guay, northern Argentina, and southern Bolivia, 5. C. gonocarpum, 

5. Primary lateral veins not shar]>ly se})arable from the larger 
secondary ones, wliich are parallel to them, the leaf thus 
a]»pearing somewhat striate, though also reticulate with evi- 
dent short cross-veins; ovary densely and conspicuously pilose 
at the base, otherwise glabrous. 6. C, viride. 

4. Leaves irregularly spinulose-serrate; tilaments with a conspicuous 

double fold near or above the middle. 7. C. imperialc. 

iJ. Filaments attached at the corolla throat; seed-scar various. 

3. (^orolla tubular, the lobes about one-fifth to one-half as long as the 
tube; Amazon drainage and northward. 

4. C’orolla evidently sericeous. 

r>. Pubestamce of the young tw'igs and lower leaf surfaces loosely-^ 

spreading; flowers esscuitially sessile; Peru. 8. C. rrvolutum, 

5. Ibibescence strictly appresesd; flowers evidently pedicellate, 
though sometimes shortly so; general distribution. 

G. Leaves merely rufous-strigose beneath when young, later 
glabrate; hairs of the corolla rufous; primary lateral veins 
straight or nearly so; leaves 1.5-5 cm. w’ide. 9. C. iiitidum. 

6. Leaves distinctly sericeous at least when young, sometimes 
later glabrate; leaves commonly 3.5-31 cm Avide, the pri¬ 
mary lateral viuns nsually but not ahvays more or less 
arcuate toward the margins. 

7. Tbibevsconce of the leaves gray or white from the first, 
sooner or later d<*ciduous; pubesccuice of the corolla Avhite 
or merely a little yellowish; northea.stern Vcuiezuela, north 
through the West Indies. 30. C. argrntrum. 

7. Pubescence of the leaA'cs conspicuously yellow’ or rufous 
Avluui young, eventually fading, sometimes finally decidu¬ 
ous; pubesc(*uce of the corolla rufous; generally dis¬ 
tributed ill northern South America; not in the West 
Indies. 11. F. auratum. 

4, Forolla glabrous. 

5. P(‘dicels, young twigs, and young leaves merely strigose; peti¬ 
oles 3-9 mm. long. 

<i. Pubescence rufous at first, later fading; corolla about 5-0 

mm. long; Venezuela and Colombia. 12, C. parvuUnn. 

0. Pubesceiire white*, not at all rufous; corolla 4 mm. long or 

less; 8au Martin, Peru. 13. C, alhipilum. 

5. I'edicels, young tAvigs, and young leuA’es evidently s]>reading- 
huiry, the hairs rufous; petioles 2-3 mm. loug; Acre Territory 
and adjacent Amazonas, Brazil. 14. C. acruininn. 

3. <\)rolla campaniilate to subrotate*, the le)be*s lueistly equaling or 
e*xceeding the tube (baredy shorter in C. pavon ii: also shorter in 
C. diittf'nU, but tweui them more than half as long as the tube, and 
the creases extending fartluw doAvii on the outside) ; general distri¬ 
bution. 

4. Pedioles abeuit 2-3.5 cm. lemg; se^condary lateral A'eins conspicu¬ 
ous, somewhat sinueius, tremding obliquely betwumn or at right 
anglers te> the jirimary ones, and sharply distinguished from 
tluun; tertiary lateral Acins mostly leorjeendicular to the secon¬ 
dary ones, or obscure. 3. C. prieuriL 
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4. Petioles about 1 eni. long or less; venation various, but not as 
above. 

5. Leaves closely and conspicuously striate, the veins averaging 

about 0.5 mm. apart; northern Peru. 15. C. tjranalenfic. 

5. Leaves weakly, scarcely, or not at all striate, the veins only 
1-2 mm, apart in C, marginatum, more distant in the other 
species. 

6. Ijcaves loosely hairy or nearly glabrous at flowering time, not 
at all sericeous. 

7. Corolla about 3..5-D mm. long, tlie lobes distinctly shorter 
than the tube, as measured from the inside; creases for 
the corolla-lobes extending about 0.4-0.8 mm. farther on 
the outside than on the inside, because the lobes are joined 
within by a thin cylinder of tissue; pedicels 5-31 mm. 
long. 16. C, (lusenii. 

7. Corolla about 1.7-3.0 mm. long, the lobes eijualing or 
exceeding the tube, about the same length inside as out; 
pedicels up to 4 mm. or ran'ly 6 mm. long. 

8. Seed-scar basilateral, broad, extending two thirds the 
length of the seed, or usually less; primary lateral veins 
rather weak, straight or nearly so, either crowded and 
only 1-2 mm. apart, making the leaf appear weakly 
striate, or more distant but with the secondary veins 
weak and mostly trending parallel to them. 

9. Pruit 5-10 (rarely 13) mm. long; seed-scar scarcely 
extending to the middle of the seed; leaves temding 
to be weakly striate, varying from rounded or even 
r(‘tuse to acute at the apex, not acuminate. 3 7. C, margiuntum. 
9. Fruit about 15-20 mm. long; seed-scar about two- 
thirds as long as the seed; leaves acuminati', not at 
all striate. 18. C. ovalr. 

8. Heed-.scar linear, lateral, extending the length of the 
seed; primary lateral veins strong, not at all crowded, 
the leaf not striate; secondary lateral veins forming a 
coarse and conspicuous irregular reticulum. 19. C. lucentifolium. 

6. Leaves sericeous or sericeous-tomentose beneath with aje 
pressed reddish hairs at tlovi'ering time, sometiim^s eventu 
ally glabrate. 

7. Stigma evidently 7-12-lobed; pedicels about 5-15 imn. 
long; fruit 3 cm. l,hick or generally more, .SevernI sc'eded; 
seed-scar lateral, extending nearly the whole length of the 
seed, very broad; C’olombia to Surinam, and northward. 

20. C. cainito. 

7. Stigma obscurely 5-7-lobed; pedicels about 1-3 mm. loJig; 
fruit, where known, smaller, less than 2 cm. thick; seeds, 
where known, with basilateral scar e.xtonding only to the 
middle. 

8. Corolla lobes about twice as long as the tube, or longer; 
filaments slender, Bexuous or variously contorted; 

French Guiana and eastern Brazil. 

9, Primary lateral veins areuate; secondary lateral veins 
loosely reticulate, the stronger ones mostly trending 
at right angles to the primary veins; leaves broadest 
above the middle; fruit and seed unknown; French 
Guiana. 21. C. covhUnrium. 
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Primary lateral veina ntraifflit, bifurcate near the mar¬ 
gins; secondary lateral veins trending nearly i)ara]lel 
to the primary ones, the larger ones not always 
sliarply .sej)atable from them; leaves broadest about 
at or belotv the middle; Ceara and Baliia, Brazil. 22. C, riifnvi. 
8. C'orolla lobes seareely (‘qnaling the tub(‘; filaments stout, 

straight; Peru. 23. C, pavonii, 

1. Anthers villous; filaments attached about at the middle of the corolla- 
tube, or lower. 

2. Leaves s])reading-hairy beneath. 24. januarunse. 

2. Leaves ap]»ressed-hairy or glabrous beneath. 

3. Pedicels about 2-3 mm. long; filaments free from the corolla-tube, 

or nearly so; British Guiana, and Para, Brazil. 25. C. sparsiflorum. 

3. Pedicels about 5-25 mm. long, except in C. arenarium; filaments dis¬ 
tinctly attaclied to the eorolla-tube; ea.stern and southern Brazil, 
not in the Amazon basin. 

4. Leaves permanently and densely sericeous or sericeoiis-tomentose 
beju^ath with strongly rufous hairs. 

5. Pubescence rich purplish red; pedicels 15-25 mm. long; leaves 

jjboiit 4-11 em. long. 26. C. pitlcherrimum. 

5. Pubescence nien‘ly eoppery-rufons; pedicels about 7-13 mm. 

long; leaves about ln~30 em. long. 27. C. splrndcns. 

4. Leaves glabrous or finely strigose or sericeous-strigos(‘ with W’hit- 
ish hairs iKUieath, at flowering time, sooner or later glabrate. 

5. Leaves about 1.5-6 cm. long, the secondary lateral veins ob¬ 
scure; pubt‘seenee of the ]>edieelH and young leaves strongly 
rufous; pedicels about 2-6 mm. long; corolla only about 2 mm. 
long. 28. C. arefutrium, 

5. Jjcaves about 4-46 cm. hmg, the secondary lateral veins evident; 
pubeseenc(‘ of the leaves and pedicels white or yellowish, rarely 
a little rufous in (\ flrxuo.si(in; ]>edict‘ls about 5-16 mm. long; 
corolla about 3-7 min. long. 

ti. S(*('otidary lateral veins mostly parallel to the ])rimarv ones 
and not sharply separable from them, the lateral veins thus 
appearing erowded, about l-2> mm. apart; hairs of the lower 
leaf surfae(\s very short and elo.sely oppressed, about (1.1-0.3 
nini. long. 29. C. vnoniatim, 

6. Secoudarv lateral veins mostly few’ and loo.sely reticulate, the 
j)rimarv ones more widely spaced and readily identifiable, 
about 5-15 mm, apart; hairs longer and merely loosely 
a}i]u-essed, a bunt 0.3-0.6 mm. long. 30. C. fivxuasum. 

1. CiiRYSOPiiYLLiTM EXCELSXTM Htibcr, Bol. IMus. Para 3: 55. 1902. 

Rather large tree; terminal bud serieeous-tomentose with rufous hairs, 
the leaves probably similarly hairy at first, btit very soon glabrate, the blade 
elliptic or ellii)tic-obovate, 10-)1() em. long and 5-12 cm. wide, rounded to 
aeutish at the apex; ])rimary lateral veins well-spaced, arcuate; seeondary 
veins fairly regular, becoming perpendicular to the i)rimary ones near the 
margin; tertiary veins forming a more or less evident reticulum; petioles 
about 2-4 cm. long; flowers in clusters of about 8-10 at defoliated nodes or 
in the axils, the ]>edieels vStrigose, about 5 min. long; sepals reniform-orbicu- 
lar, sericeous-strigose, about 2.9-3.8 mm, long; eorolla about 8.8-4.3 mm. 
long, the lobes broadly oblong, subtrurieate, fringed-ciliolate, about 0.6-4).9 
mm. long, the ereases showing a little farther down the tube on the outside; 
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filaments attached at or below the middle of the tube, their traces commonly 
visible to the base; anthers miieronate, about 0.8 mm. lon^^; ovary densely 
pilose; style f?labrous, taperiiiji-eoJumnar, about 2.5 mm. lonf,^ nearly lobe¬ 
less; fruit gflobose, yellow, about 5 cm. thick; seeds 5 or sometimes fewer, 
ovate-oblong‘, about 25 mm. lon^, 14 mm. wide, and 7 mm. thick, the scar 
linear-elliptic, about 4 mm, wide, extending nearly the whole length of the 
seed. 

Type; Specimens collected from a cultivated tree in Para, Brazil. 

Local names: Sorba do Peru, guajara. 

Distribution; Upper Amazon basin, Brazil, to northern Venezuela; pre¬ 
sumably also in Peru. 

Brazil: Par4: DhcI'c 60^y Belem do Pam (cult.) (IVIO, ITS) ; Ducke 15S0J!, Belto 
do Para (cult.) (K, S, US); Bubn' 3016, Belem do Parii (cult.) (US.). Amazonas: 
Kuhlmann Altamira (NY, US). Vekezckl. 4.: Federal District: nttvr 13o00^ 

El Limdii (F, US). 

2. Ohkysophyllum AUijAcocAKjn'M Ernst, Flora 57: 214. 1874. 

Tree; young twigs slightly rufous-hairy; leaves crowded at the ends oE 
the branches, glabrous, oblong-oval to obovate-oblong, tapering from the 
middle to the base, about 16-24 cm. long and 9-11 cm. wide; primary lateral 
veins about 11-14 pair; secondary veins reticulate; petioles about 2-3 i*m. 
long; flowers numerous in clusters at defoliated nodes, subsessile and glomer¬ 
ate; calyx and corolla 4-5-lobed, rufous-sericcous, the corolla about (i-7 mm. 
across; filaments inserted on the corolla-tube; ovary conic, pentagonal, 
5-loeular; style short, glabrous; stigma-lobes obscure; fruit ellipsoid, about 
6 cm. long and 3 cm. thick, edible, single-seeded; seed ovoid, blackish, shin¬ 
ing, about 3 cm. long; seed-scar linear, extending from the base to the apex. 

Type: Fermiyi Toro sj},, Los Teipies, Venezuela. 

Local name: Chupon. 

Distribution: Known only from the type collection, Los Te(iues, Miranda, 
Venezuela. 

The description for this species is taken from the original; I have seen 
no specimens. It is conceivable that it is con.specific with the later C, excdsion 
Huber, but it seems likely that if it had the characteristic short, truncate, 
fringed-ciliolate corolla-lobes of that species, that feature would have been 
noted by Ernst, who gave a fairly complete description. The differeiu'c in 
shape and number of seeds of the fruit, although yet to be proved constant, 
also suggests that this species is distinct. It should be noted that the Pitfier 
collection of C, excelsum from Venezuela was taken not far from the type 
locality of C. aulacocarpirm. The herbarium specimens are sterile, but bear 
the collector’s note, fruit apple-shaped, yellow. Until further evidence is 
available, I prefer to retain both names. 

3. Cheysophyllum PRIEUKIT A. DC. Prodr. 8: 161. 1844. 

C. cyanogenuvi Ducko, Trop. Woods 71: 18. 1942. 

Large tree sometimes 45 m. tall, pervaded with hydrocyanic* acid; twigs 
coarse, sericeous, the hairs at first rufous, soon fading; leaves clustered 
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toward the ends^of the twigs, obovatc, rounded to abruptly short-aeumiriate, 
about 10-17 em. long and 5-8 cm. wide, glabrous above, finely and closely 
rufous-*seri(*eous beneath, but tlie hairs eventually deciduous and sometimes 
fading before falling; ])rimary lateral veins mostly 6~12 pair, well-spaced, 
arcuate; secondary lateral veins somewhat sinuous, nearly parallel and 
extending obliipiely between or nearly at right angles to the primary veins; 
tertiary lateral veins per))endicnlar to the secondary ones, or obscure; peti¬ 
oles 2-3.5 cm. long; flowers numerous in dense clusters on the twigs below 
the leaves, the pedicels rufous-sericeous, 6-]() mm. long, elongating in fruit; 
sepals rufous-sericeous like the pedicels, rounded, the inner conspicuously 
fririged-ciliolate, about 2-3 mm. long; ('orolla about 3.4-4.2 mm. long, gla¬ 
brous, the lobes reputedly e(pialing the tube, but in specimens available to 
me about 3-4 times as long as the tube; filaments reputedly inserted at the 
middle of the tube, but in specimens available to me inserted at the level 
of the sinuses, or the stamens sometimes abortive; ovary 5-locular, pubescent 
with short sub-appressed rufous hairs; style about 0.7 mm. long, hairy below; 
stigma-lobes 5; fruit yellow, spherical, 3-5 cm. thick, several-seeded, reput¬ 
edly edible; seeds 15-30 mm. long, 10-15 mm. wide, and 4-7 mm. thick, with 
a linear scar extending nearly to the summit; endosperm copious. 

Type: LePrieur / )?, Cayenne, French (iuiana (NY—photo). 

Local names: Ihdo de cuynre (Venezuela); Caran (f-olombia); Abiurana 
(Amazonas, Brazil). 

Distribution : French Guiana to Colombia and Amazonas, Brazil. 

C^OLOAIBIA; Hornca: Lnwrrnce <V//, 130 inilcN north ot Bogota (K). Venkzt’KLA : 
Aniazona-s: Wdlams San (’arlos do IBo Negro (VS). Stkinam: B.W. Oonini 

Kiver (K), (VS;. VKEXcn (Uiana: Mflitiftn s.n. (F. K, J^ VS); MeUnun J18, 

Maroni (K). Brazil: .Amazonas: Uuckt SLU Mnnaos (MO); Fmrs IJ, Manaos (Herb. 
B. A. Krukoff), 

The only flowers of this sjtecies available to nu* for dissection were from 
an isotype of C. viFnioycnutn Ducke, and these differ in certain particulars, 
as noted above, from l)u(*ke\s description. My description of the fruit is 
taken from that given by Ducke. 

4. CHKVsopKVLLr.M crNEiFOLir.M (Kudge) A. DC. Prodr. 8: 160. 1844. 

Binnelia rHncifoha Budge, PI. Gui. 1: 30. pi, 47. 1800. 

Tree; leaves cnneate-oblaiK'Colate, mostly abruptly acuminate, tapering 
gradually to the base, about 10-25 cm. long and 3.5-8 cm. wide, glabrous, or 
(‘oarsely strigose on the midrib and main veins beneath, subsessile, the peti¬ 
oles only 2-8 mm. long; primary lateral veins well s])aced, arching near the 
margins, about 12-20 pair; secondary lateral veins fairly regular and nearly 
parallel, somewhat sinuous, trending nearly at right angles to the primary 
ones; tertiary veins tending to be ])erpendi(Milar to the secondary ones; 
flowers minierons in cliusters on old wood, the pedicels about 1 cm. long; 
sepals about 2.0-2.7 mm. long, conspieuously fringed-ciliate, especially the 
inner; eorolla about 4 mm, long, the lobes three times as long as the tube; 
filaments attached near the base of the corolla-tube, or half-way up to the 
sinuses; ovary shortly ap])ressed-hairy; style about 0.5 mm. long; stigma- 
lobes 5; fruit several-seeded, narrowly sulcate between the seeds, up to 4 cm. 
long or perhaps more, obovoid or depressed-obovoid. 
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Type: Plants collected in French Guiana (near Cayenne, according to 
Alphonse DeCandolle), by an unspecified collector, presumably now de¬ 
posited at the British Museum. 

Distribution: French and Dutch Guiana. 

Surinam: J^.W. 1506 (K, US), 1586 (K), 20SS (K), S9S0 (K, S), 4SS4 (US), 
6479 (S, US) ; Von Kail 89a (K, Mich, S, VH). 

5. Chrysophyllum gonocarpum (Mart. & Bichl.) Engl. Bot. Jahrb. 12: 
523. 1890. 

8apota qonoearpa Mart. & Kichl. ox Miq. in Mart. FI. Bras. 7: <10. 1803, 

Chnjsophylhim cysneiri Froire-Allom. Trab. Comm. Sci. Expl. Bras. Bot. 00. pi. IS, 
1806. 

C. ctariiific Froiro-Allem. op. cit. 72. pL ^1, 

C. obUmfoUvm Froire-Allem. oj). cit. 74. pi. 2S. 

C. pernicafitrum Eichl. Kjoeb. Vidonsk. Moddcl. 1870: 208. 1871. 

C. lucumifolium Griseb. Goott. Abh. 24: 223. 1879. 

Su1ero.rylon reticidalinn Britton, Ann. N. Y. Acad. Sci. 7: 150. 1893. 

Chrysophyllum lucumifolium f. ohiusalum (^lod. & Bass. Bull. Ilorb. Boiss. 11. 7: 
675. 1907. 

Sidcroxylon holivianum Rushy, Mom. N. Y. Bot. Gard. 7: 319. 1927. 

Small tree about 4-12 m. tall; leaves rather loosely sericeous-tomentose 
with white or slightly rufous hairs when young, soon glabrate, elliptic- 
oblaneeolate to occasionally narrowly' elliptic or narrowly obovate, broadly' 
obtuse or rounded to occasionally acutish at the apex, mostly 7 -18 cm. long 
and 2-6 cm. wide, often some of them smaller; vtmaliou pouterioid, with 
raised, arching jirimary' lateral veins and a well-develo})ed rather irregular 
raided reticulum of secondary and tertiary lateral veins; petioles up to 
about 2 cm. long; flowers about 1-6 in the axils or at recently defoliated 
nodes, subsessile or on pedicels uj) to about 5 mm. long, perfect or reputedly' 
sometimes unisexual; sejials thin, light green, rounded, finely sericeous- 
strigose or subglabrous, about 2.2-3,3 mm. long; corolla about 3.2-3.8 mm. 
long, the lobes 1.5-2.] mm,; anthers about 1.1-1.3 mm, long; iilameiits 
attached at the base of the corolla-tube, or occasionally joined to it ])a,rt wa.v 
up; ovar.v veiy densely pilose, the st.vle glabrous, about 1.7 2.0 mm. long, 
lobeless; fruit yellow, with rather thin sweet edjble ])ul}), l-o-secded, sulcate 
between tlie seeds, mostly' 12-25 mm. (rarely' 40 mm.) long; seeds com¬ 
pressed, obliquely obovate, ^^bout 10-18 (rarely' 30) mm. long; seed-scar 
linear, about 1-2 mm. wide, extending nearly the whole length of th(‘ seed. 

Type: Th. Peckolf s.v., “[irope Canta Gallo, ]>rov. Bio de Janeiro,’^ 
Brazil. 

Local names: Aguay', aguaja (Argentina and Paraguay'); Oito bravo 
(Ceara); Peroba bianco (Rio de Janeiro); Pecigo do riiato (Minas Geraes). 

Distribution: Ceara, Brazil, southwest to Paragua.y, Uruguay', northern 
Argentina, and southern Bolivia. 

Brazil: Minas Geraes: (Uaziou 19610 (K) ; Meyvrll 1599, near (Hildas (K); Warm¬ 
ing s.n. (NY); Widgren s.n. (S). Rio de Janeiro: Glaziou 11143 (K), 11114 (C—])hoto, 
G—photo, K, NY"—photo). Sao Paulo: Mosen 3956, inter Campinas et Vallinhos (S) ; 
Mosen 4341 (8); Begnell 1599 (8, 1T8). Parana: Dusen 10741 (8), 11160 (8); Dusrn 
11351, Theresina (8); I)usdn 17099 (8); lJusen 17873, Rio (!Japinqual (8). Santa Catha- 
rina: DusSn 11819, Rio Uruguay (B). Rio Grande do 8ul: Lciic 1954 (G) ; Malme 856, 
Porto Alegro (8). Bolivia: La Paz: Bushy 691, near Huachi, head of Beni River (NY); 
Steinhach 7349, Sara, Rio Surutu (8). Paraguay; Balansa 3389 (K), 3391 (K), 4640 
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(F); Fiebrig 458 (A, F, K), 4884 (G, K) ; llasulir 3159 (S), S588 (F, K), 1113 (A, 
F, K), 1151(i (A), 13383 (A, G, MO, K, US); Jorgcim-n 3759 (A, G, MO), 3162 (F, G. 
PA, US); Linthnan Alins, Asuncion (8); Malme 994B, near Bio Apa (8); Morong 839 
(F, K, NY); Osicn 9084, Han Boriuirdino (S). UttuauAY; llericr 1606 (C, F, G, MO) ; 
Lorentz 299 (G—photo, NY—photo); Ostcji 11998 (US). Arokntika; Salta,: Egerdam 
d- Berth; 22142 (C, G, MO), 22181 (0, G, MO); Lorcvte 4'- mrro))ymu.i 525 (K, NY. 8); 
Rodriguez 1024 (F, NY); Schreiter 11496 (Cl, G, NY); Venturi 5561 (A, C, MO, K, 
8, US), 1983 (US). Chaco: Jorgenurn 2149 (G, MO). Misiones: Rodriguez 313 (G, US). 

6. CiiRYSOPiiYLbUM VIKIDE Mart. & Eielil. ex Mi<i. in Mart. FI. Bras. 7: 
102. 1863. 

Fihrocentrum (jUuwvianum Pionr, Mom. Pot. Soc. Fr. 3: 441. 1910. Ilyponym. 

?ChTyHOph}iUum perfidnm Proiro-Allem. Tral». (^onmi. Soi. Expl. Rot. Rio do Janoiro 
1; 68. 1866. 

Lar^e tree; leaves oblaiu^eolate or narrowly elliptic, (*oniiiioiily abruptly 
sliorPaeumiiiate, soiuetinies merely aentisb or even rounded, about 5-11 cm. 
lon<r and 15-40 mm. wide, strijrose or serieeons-strijiose when youiijr, g^labrate 
at maturity, borne on petioles up to 1.5 em. lon^’; primary lateral veins 
generally more than 20 pair, not sharply separable from the larger secondary 
veins, wini'li are |)arali<‘l to them, the leaf thus api)earin^ striate, but also 
reticulate with evident cross-veins; flowers several iji the axils or at recently 
deroliated nodes, the ]iedicels stri^ose or subjilabrcuis, 4-10 mm. lon^^; sepals 
rotund, slightly sti*i.u*Ovse, about 1.7-2.5 mm. hm^^; corolla about 3.0-11.4 mm. 
lonji', the lobes a little longer than the tube, reniform-ovate, the tube moder¬ 
ately yell()wish-seri('eoiis; filaments attached at or below the middle of the 
tube, the an1hei*s about 1.1-1.2 mm. Ion;:*, or in some flowers the anthers 
wanting* and the filaments minute; ovary dejisely and cons]>icnonsly j^ilose 
at the base, otherwise {jflabrous, the style short or (»hsolete; ovules 5, or in 
some flowtM's the ovary more slender or reduced and the ovules wantinjx; 
fjcrfect flowers not seen by me, but reputed to exist; fruit ellipsoiil-jrlobose, 
yellow, edible, about 1.5-2.5 <uu. thick and up to 4 (un. lon<i; seeds 1-3, some¬ 
what compr<‘ssed, about 1 (uu. wide and 1.5-3 cm. loiij?; seed-scar linear, less 
than 2 mm. wide, extendinji* the length of the seed; endosperm well devel¬ 
oped; embryo with thin (‘otyledons anil evident caudicle. 

Type: l^cJnirh ,v.a., eastern Brazil (NY — photo). 

Distribution: Bio de Janeiro, Santa Catharina, and Parana, Brazil, 
possibly extendinji’ as far north as Oara. 

iJKAzn.: Rio ilo JaiM'iro: (ildrioii (G—photo, XY). iSoiita Cathariiui: 

(G). Par.-nui: Diisfn Volta Graiulo (S). IJloO, Oesvio Vpiraiiga (IS), 

Yauarohy (S). 

perfidnm, Freire-Allem., from P(‘ara, is ])robably eon- 
speeific with C. viridr, but differs, according to the orijrinal description and 
figure, in its depressed-^rlobose rather than ellipsoid-filobose fruit, with a 
pronounced areola at the tip, and in its thicker cotyledons and rather scanty 
endosperm. Allemao reports that it is locally known as *>:oeraua. 

7. CiiRYSOPiiyLLUM impekiale (Linden) Benth. & Hook. Oen. PI. 2: 653. 
1876. 

Theophrasfa imperiaUn Limlen cx Kofli & Fint. Woi*ht*nsehr. 2: 91. 1859. 

Martiusii'Ua impcrialis Piorre, Not. Bot. Sapot. 66. 1891, 
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Small tree with very coarse twi^s; leaves euiieate-oblaneeolate, obtuse, 
rounded at the base, irregularly spinuJose-serrate, about .15-75 em. long* and 
5-25 cm. wide in specimens seen, but reputedly up to a meter or more long, 
loosely grayish'hirsutulous beneath when young, later glabrate, firm, the 
midrib coarse and strongly raised beneatli; primary lateral veins about 
20-50 pair, strongly raised beneath, arcuate toward the margins; secondary 
and tertiary lateral veins forming a coarse and irregular reticulum, or tlie 
secondary veins sometimes perpendicular to the primary ones; petioles about 
2-2.5 cm. long; flowers several or numerous in the axils or at defoliated 
nodes, the pedicels closely hairy, about 5-6 mm. long; sepals rounded, seri- 
ceoLis-tomentose, about t3-4 mm. long; corolla about 4-4.5 mm. long, the 
rounded-ovate lobes rufous-strigose, e<pialiiig or a litlh^ exceeding the gla¬ 
brous tube; minute staminodes sometimes irregularly develoj)ed; filaments 
attached near the base of the corolla-tube, with a (conspicuous and persistent 
double fold near or above the middle; anthers about 1.1-1.5 mm. long; ovary 
5-locular, short-hairy, tapering to the summit, the style obsolete, the stigma- 
lobes obscuire; fruit several-seeded, broadly ovoid or subglobose, about 2.5- 
3.5 cm. long and nearly or quite as thick, tapering to the apex; seeds strongly 
compresse(i, about 18-25 mm. long, 13-16 mm. wide, and 6-9 mm. thick; 
seed-scar linear, 2 mm. wide or less, extending the length of the seed; endo¬ 
sperm copious; embryo with tliiii cotyledons and well-developed caudicle. 

Type: Specimens raised from seeds brought from Brazil by Linden. 

Local name: Marmelleiro do matto. 

Distribution: Rio de Janeiro, Brazil. 

Brazil: Bio de Janeiro: (rla:ioii SUSH (A, F, K, S), 6'6'JJ, Serra do Estrello (Ki. 
11163 (K); 7745 (K), 30403 (K). 

The double bend in the filaments of ChrjfsoplwjUum imperiale is reminis¬ 
cent of Pradosia, but in that genus the folded portion is distal and abruptly 
tenuous, and straightens (3uf as the flower matures, while in (\ imprrialc the 
fold is near or a little above the middle, and i>ersistent, and the filanumt is 
of about the same texture throughout. 

8. Chrysopmyllum revc^lutt^m Mart. & Eichl. ex Miq. in Mart. FI. Bras. 
7: 104. 1863. 

Young twigs densely pubescent with loose short rufous hairs; leav(*s firm, 
with revolute margins, elliptic-oblong, 4-9 mm. long, 1.5-4.5 cm. wide, 
loosely rufous-hirsute on both sides when young, soon glabi*ate above, and 
perhaps eventually so beneath; primary lateral veins about 12-15 pair, 
rather irregularly spaced, bifurcate or ar(*uate toward the margins; se(‘on- 
dary lateral veins few and mostly obscure, trending parallel to the primaiy 
ones; petioles about 3-4 mm. long; flowers clustered in the axils or at recently 
defoliated nodes, essentially sessile; sepals thick and firm, ovate, acute, 
rufous-hairy, about 1.5 mm. long; corolla about 5 mm. long, densely rufous- 
sericeous except near the base and at the tips of the lobes, the. lobes about 
one-fourth as long as the tube; filaments short, atta(*h(nl at the level of the 
sinuses; anthers 0.4-0.5 mm. long; ovary densely rufous-hairy, 5-lo(*ular, 
the style glabrous, about 0.5 mm. long; fruit blackish, insipid, subsessile, 
ellipsoid-globose, about 12 mm. long, single-seeded; seed-scar basilateral, 
very broad, extending about two thirds of the Avay to the top. 
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Typuc: Sprttcf 4260, “prope Tarapota, Penivia orieiitalis,” 1855 (P, 
G. K). 

Distribution: Known only from the type locality, in Loreto, Peru. 

Pbro: Loreto: Vic 06V!, near Tar.'ipoto, 1!)U2 (K). 

9. CiiRysoPiiYLLtJM NITIDUM G. P. W. Mev. Prim. Pi. Es.seq. 116. 1818. 

C. psllophyllum A. ])(\ Prodr. 8: IdO. 3844. 

Larjxe troe; yoinijr twi^s slender, riifous-stri^^ose or -serieeovis; leaves 
e]Iij)tic or elliptie-laneeolate, aemninate, about 5-12 eiii. lon^ and 1.5-5 cm. 
wide, ^‘Jabnnis and shining- above, riifous-strij^ost* beneath wlien yoiinjr, later 
G:labrate; i)ririiaT*y lateral veins straight or slifrhtly curved, rather weak, 
about 8-18 pair; s<'(‘ondary laleral veins few, mostly trending parallel to the 
])rimary ones; petioles about 5-9 min. lon^; flowers several in the axils, the 
pedicels rufous-sericeous, about 2-6 mm. lon^; se])als rounded, rufous-seri- 
reous, about 1.8-1.5 mm. lon^; rorolla about 4-5.5 mm. lon^, the lobes about 
one-third to one-fifth as lono* as the rufous-serii'eous tube; filaments iniuiite, 
attached at the level of tiie sinuses; anthers about 0.4 mm. louj,^; ovary 5-locu- 
lar, a])])ressed-hairy. tajHU'iu^ to the ^dabrous style which is less than 1 mm. 
loM^*; fruit unknown. 

Tyi’E: None jrivcu, hut stated to ^row ‘Mu sylvis (‘outiuentis,’' presuma¬ 
bly ju*ar the mouth of the Essequiho Kiver, in British Guiana. 

Ijoca) name: Kokeritiballi (British Guiana). 

Distribution: French fluiana to (‘olombia. 

('OLOMIUA: Miflis llJ'i (PS). IIKITISH (UiAKA: “ 7>. ” 76vy, Siinuui Preek, Ilupurriiiii 
( IJ<« >: FtiH.shiiu'f Mnznruni Hiver (.\V). Frkn’cu (SriASA: Marlin (F, G. 

K, .VV, rs ) ; I'oitvaii s.n, ( F) ; Sapot A7.; (F, K, P, Si. 

10. GiiKYsopiiYLiirM AfiOEXTEFM Jaccj, Enum. PI. Garib. 15. 1760. 

(\ (/lahnnu Kiiiiiii. lU. (’aiiP. 15. 17()0. 

('. rarntif nni .Ijumj. Stir]>. Si'l(*ct. .\ni. 511. i*;». 1780. 

(', ininursHin Frh. I 0 *p. Sp. Nov. 15 : 414 . 1911 ). 

Tree or shrub, sometimes as much as 80 m. tall; leaves elliptii* to oblon<»'- 
ellipti(* or oc('asionally ovate, of various sizes up to about 20 cm. lon»^ and 
8 Pin. wi<i(\ rounded to acutish or abrn]>tly acuminate at the apex, jilabrons 
above, thinly s(‘riceous at first with whitish hairs beneath, sooner or later 
jrlabrate; ])rimai*y lateral veins well-spaced, usually arcuate toward the 
mar^jjis; sei-ondary lateral veins jrenerally tn‘ndinG‘ about parallel to the 
I)rimary ones, tlie lon^^ axis of the areolae parallel to the primary veins; 
flowers (‘Instered in the axils or at recently defoliated nodes, the pedicels 
mostly 4-18 mm. ion^'; se])als about 1.5-2.5 mm. lon<^', sericeous with fine 
pale or slightly reddish hairs; corolla about 4-6 mm. lon^“, sericeous to near 
the base with fine white or somewhat yellowisli hairs, the tips and margins 
of the lobes smootli, tlie lobes about one-third to one-half as lonG" as the tube; 
filaments inserted at the level of the sinuses, with more or less evident traces; 
anthers 0.4-0.8 mm. lon^; sti»ina with 5-9 evident to obscure lobes; fruit 
dark red or pur])le to blue or nearly black, ellipsoid or oc<*asionally siib- 
^»lobose, mostly 1.5-2 cm. lon^, occasionally only 1 cm. Ion**’, sinjxle-seeded; 
seed-s(‘ar basilateral, broad, commonly extending: to near the middle. 

Tyi»E: None pven; from Martinicjae, ac(*ordino- to Index Kewensis. 
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Distribution: General throuj?hout the West Indies from Orieute, Cuba, 
to Trinidad, and in Sucre, Venezuela. 

Trinidad: Britton Britton (G, NY, US); Dannouse (NY"); Hart 5437 

(S); Sieher 871 (MO). Tobago: Broadway 3991 (A, G, MO, NY, S, US), 4411 (NY, 
II8); Sandivith 1881 (NV). Venezuela: Sucre: Broadway 4'Jo, near Cristobal Colon 
(G, K, NY, US); Broadway 7U, near Cristobal Colon (0, NY, US). 

11. Ghbysophyllum aukatum Miq. hi Mart. PI. Bras. 7: 97. 1863. 

C. sericevm A. I)C. Prodr. 8: 158. 1844; not Salisb. 17P6. 

C. auratum var. majus Miq. in Mart. PI. llraR. 7: 98. 1803. 

Shrub or tree sometimes as much as 35 m. tall; leaves elliptic, elliptic- 
oblong, or elliptic-obovate, about 7-23 cm. lonj^ and 3.5-11 cm. wide, rounded 
or abruptly acuminate at the apex, <j;labrous above, closely sericeous beneath 
with ashiniii" sometimes eventually deciduous rufous pubescence that turns 
pale in age; primary lateral Y^eins mostly well-spaced and archiuji:; secon¬ 
dary lateral veins feiv, scar(*ely or not at all visible above, not very promi¬ 
nent beneath; petioles about 6-15 mm. lonjr; flowers clustered in the axils 
or at recently defoliated nodes, the pedicels about 2-7 mm, loiiji’; sepals 
about 1.2-2.0 mm. lon<r, rufous-strijiose, rather firm; corolla tubular, about 
3.2-6.5 mm. lonjr, rufous-sericeous outside, at least above, the lobes one- 
fourth to one-half as lon^ as the tube; ovary a])pressed-hairy; stijima-lobes 
mostly 5-6, sometimes as many as 10; fruit pnrjile, ellipsoid, about 1.5-2 cm. 
lon^; seed-solitary, with broad basilateral obeordate scar extending’ to about 
the middle; cotyledons somewhat thickened and a litth* fleshy, eai'h about 
as thick as the endosperm. 

Type: The first specimen cited is 8ch(»nhiir(/k H6'j, from “Roraima,’' 
British Guiana (F*, G, K, NY). Sckomhuryk /.W/, from the banks of the 
Pomeroon River, British Guiana (K), is also cited. 

Local names: Suruburuen, wild star-apple (British (luiana) ; Majiara- 
juba, rozada brava (Amazonas, Brazil), 

Distribution: French Guiana, and nortliern Amazonas and Para, Brazil, 
to Colombia, south to Ecuador and Peru. 

Colombia*. Mulia lioa (U8), 40S0 (F, UH), 5S31 (I'S), Bogota: Triano n.«., ]>r(‘S 
do Lm Mesa (K). Nort(‘ do Santander: Killip 4’ (Hilaga Y^alley (<L T'S). 

Y^knrzokla; Gollmcr s,ti. (G—photo, NY — photo). Merida: Pittirr 1^751 (NY", US). 
Portuguesa: Piilif^r 1:^079^ between Aspini and A]>ricidn (US). Aragiia: WiPiamN 11074 
(A, F, US). Sucre: Broadway 1*54j near Cristobal Colon (0, NY, US). British Gciana: 
Andmon 6', Aruka Kiver (K) ; T>c La Cm;: 3300^ Kabaka))uri, I'omeroou Digtrict ((\ F, 
G, MO, NY, PA) ; 7)e La Cruz 4138, Kainakusa, upper Mazaruni River, (F, (i, MO, XY^, 
PA, US); Fanshawr 565, Moraballi Creek (BG); Fnnfthawc 2i46, Y"aTikita Oeek, Aruka. 
River (BG) ; Hltehvocl' 17659, Yaritka and Amakiira Rivers (G, NY", »S, US) ; Hoht n- 
kirlc 9f Waini C’reek (K); Sandwith 338, Essequibo River, near Bartica (K, NY") ; 
Sandwith 678, Cuyuni River (K) ; Hchonxhurgl’ 550/856 (K), 813 (K), 1507 (K) ; Tniin 
354, Cuyuni River (K, US). Surinam; B,W. 33^7, Watramiri (K, IIS), 3873, Watramiri 
(K), 4547, Watramiri (G. K, S, ITS); Uostmann 630 (P, K); Boaimann # Kappln 6S0B 
(S), 1139 (K, MO, S); Lanjoinc 808, Coppename River, near Raleighfalls (K, Mich, S, 
US). PRENim Guiana: Gabriel s.n. (P, G —^|)hoto) ; Martin s.n,, Cayenne (K). Brazil*: 
Riedel 1419, Amazon River (US). Pard: IHicke l^l^S, Rio Branco de Obidos (US); 
Dmice 14834, Obidos (US). Amazonas: Froes 65, Esperanza, basin of Rio Bolimoes (Herb. 
Krukoiff); Froes 3233, Bao Paulo de Oliveuca, basin of Rio Bolimoes (Herb. Krukoff) ; 
Froes 102, Esperan(;a, basin of Rio davary (Herb. Krukoflf.) Ecuador; Bygers 15450 
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(F); Poprnoe 1308^ Portovelo (FB) ; Poprnoe 1349, Est. Exp. Chobo (1^8). Peru; San 
Martin: King 3843, Juan Jui, Alto Rio Tluallajja (F, (1, MO, NY, S, US). I^oreto: 
JViUia'nu^ 3945, Lower Rio Hiiallaga (F, S, US) ; King 1348, near I<piito8 (F, US). 

12. Chrysoptiyllitm parvttlttm Pitt. Ooiitr. FI. Venez. 42. 1923. 

Arborescent shrub or small tree about 4 m. tall, the twi^s slender, loosely 
rufous-stri^ose tvheii 3 ^ 01111 ^; leaves elliptic or elliptic-oblonj? to elliptic^ 
ovate, acute or acuminate, about 4-8 cm. lonj^ and 2-4 cm. wide, rufous- 
strijj:ose b(*neath when ,voun«‘, the hairs later fadin^^ and eventually decidu¬ 
ous; primaiy lateral veins weak, .straight or nearly" so, neither crowded nor 
very distant, not alwa^-s sharply’ se])arable from the larjrer secondary veins, 
which trend parallel to them; petioles about 4-9 mm. lonjz:; flowers 2-6 in 
the axils, the pedicels densel,v rufous-sericeous, about 2 mm. lon^'; sepals 
about 1 . 6 - 2.0 mm. lonjr, rounded, sparsel,v rufous-strij^ose; corolla frlabrous, 
5-6 mm. loiijr, the tube about 2-3 times as lonjz; as the rounded lobes; fila¬ 
ments very short, attached at the level of the siniist\s; anthers about 0.6-0.7 
mm. lon<«:; ovarv o-hxnilar, nifoiis-hairy, ta]>erin^^ above to the conic gla¬ 
brous style; stigma n-lobed; fruit ellipsoid, 2.5-3 cm. long, 15-17 mm. thick; 
seed solitary, about 13-15 mm. long, witli a broad obovate scar nearh’ as 
long; euibiwo somewhat thickened, the endosperm relativel}" thin. 

Typr; Piltier “Selvas do (luareinales, 50 m.. cerca de Urania, 

October 3, 1920 (G, NY, US, V). 

Local name; Pascualita. 

Distribution : Venezuela and Colombia. 

Venezi’EI. Ih'Jgafh JI 4 (US, V ). (\>i.o.MuiA: J\ars 1 (n s.n., in 1890 (F—photo & 
t'rugiucut, (t—])hoto, NV“])h()to). 


13. Chrysophyllum albipilum Cromjuist, .sp. nov. 

Tree about 7 in. tall; \'oung twigs slender, white-strigose; leaves elliptic 
or elli])tic-obovatc, obtuse or acute, about 4-11 (un. long and 2-4.5 cm. wide, 
white-strigose beneath wlnm young, later glabrate; primary lateral veins 
about 7-10 pair, straight, or more commonly arcuate near the margins; 
secondarv lateral veins rather irregular, forming a very loose reticulum; 
petioles about 3-6 mm. long; flowers clustered in the axils, the pedicels graA"- 
sericeous, about 2 mm. long; sepals hairy like the pedicels, the outer acute 
or acutish, the inner more rounded, about 1.5-1 .8 mm. long; corolla green, 
about 3.7-4.1 mm. long*, glabrous, the tube about twice as long as the rounded 
lobes; filaments short, attached at the level of the sinuses, their traces visible 
to the base; anthers about ().5~0.6 mm. long; ovary 4-5-locular, short-hairy, 
rather abruiUl.v contracted to the thick glabrous 1 mm. style; stigma-lobes 
4-5; fruit unknown. 

Arbor 7 m. alta, rainulis albo-strigosis glabrescentibus, foliis ellipticis 
vel elliptico-ovatis, obtusis vel acutis, ca. 4-11 cm. longis 2-4.5 cm. latis, infra 
albo-strigosis glabdescentibus, venis 7 - 10 -jugis, venuils laxe et irregulariter 
reticulatis; flores axillares pedicellis 2 mm. longis, sepalis 1.5- 1.8 mm. longis 
griseisericeis, corolla glabra 3.7-4.1 mm. longa lobis I tnbum aequantibus, 
filamentis fauce aflixis, ovario 4-5-loculare stylo glabro; fructus ignotus. 

Type: KJug i365, forest, Juan Jui, Alto Rio Hnallago, 400-800 m., San 
Martin, Pern, May, 1936 (US); isotypes at A, P, K. 

Distribution; Known only from the t.vpe collection, San Martin, Pern. 



800 


BULLETIN OP’ THE TOBREY ClATB 


[VOL. 73 


This species is obviously related to C. parvulum, from which it differs in 
its white, not at all rufous-tinted pubescence, less re^nilar mor(» reticulate 
leaf-venation, smaller flowers, and disjunct distribution. 

14. OHRysoPHYLLUM ACREANUM A. C. Smith, Brittonia 2: 161. 1936. 

Arborescent shrub or tree uj) to 12 m. tall, with slender twi^^s; youiij? 
twi<i:s, youn^ leaves, petioles, and pedi(*els conspicuously pubes(Hmt with 
short spreadin<r rufous hairs; leaves elli])tic or lance-elliptic, mostly acumi¬ 
nate, about 3-13 cm. lon^ and 1-4 cm. wide, soon {glabrous, except alonji: the 
midrib bejieath, where more tardily so; primary lateral veins about 8-18 
X>air, rather irre<?ularly set, strai^ld, bifurcate near the mar<>ins; secondary 
veins few, treiulinjr parallel to the primary ones, and not always sharply 
separable from them; petioles about 2 3 mm. lonj,^; flowei-s several in axillary 
clusters, the pedicels about 3-4 mm. lon<r; corolla ^dabrous, about 3.8-4.4 
mm. loiijr, the lobes about one-third to one-half as lon<.»: as the tube; filaments 
very short, inserted at the level of the sinuses, or a little above; aidhers 
about 0.4-0.6 mm. lonj>-; ovary 5-celled, hairy, with a short glabrous style; 
stijifma-lobes 5; fruit unknown. 

Type: Krukojf on terra Anna, near mouth of Rio Macauhan, basin 
of Rio Purus, 9 de^nves 20 minutes South, 69 dejrrees West, Actc Territory, 
Brazil, Aujjrust 21, 1933 (A, MO, NY, US). 

Distribution: Acre Territory, Brazil, and adjacent i)arts of Amazonas. 

Brazil: Amazoiins: KniVoff S:i~>4y Sao Paulo <lc Olivcnoa, basin of Rio Soliuiors 
(NY). 


15. CiiRYSOPHYLLUM GRANATENSE Si)ren<»'. Ryst. 1: 667. 1825. 

S'jfcicriHliUm arffmtcam H.li.K. Nov. (ton. iNc Sp. 3: 238. t. 244. 1818. 

Twij»s slender, jiiiberulent; leaves ellij)tic or elliptic-obovate, about 4-5.5 
cm. lonji' and 2-3 cm. wide, rounded to acute, jrlabrous and shininji’ above, 
thinly white-sericeous beneath, closely and cons})icuonsly striate above, the 
veins averajrinji* about 0.5 mm. apai*t, ])artly obsimred by the })ubescence 
beneath; })etioles about 6-8 mm. Jon<r; flowers small, about 6-9 in the axils, 
the i)edicels about 3 mm. lono-; sepals rounded, a little over 1 mm. lon^-, 
sericeous; corolla jilabrous, the lobes evidently longer than the tube, re¬ 
flexed; filaments attached in the corolla-throat, exserted; anthers <»:labrous, 
acute, subcordate at the base; ovary hairy, 5-locular, taperiiijr to the j^labrous 
1.5 mm. style; stij»:ma-lobes obscure; fruit unknown. 

Type: Humboldt d* Ktnipiand, “prope Jaen dc Bracamoras, alt. 620 hex. 
Reg*no Novo-Uraiiatense,” in the present province of (.^ajamarca, Peru, in 
Aupist (NY—i)hoto). 

Distribution: Known only from the tyj)e collection, Cajamarca, Pern. 

I have seen no specimens of this species, but from the ty|)e-photo and 
ori«riiial description it would seem to be related to the more soutlieni C, 
morgmatnm, from whi(‘h it differs in its more closely and conspicuously 
striate leaves, that ai-e white-sericeous beneath, and in its lon<?er style. 

16. Chrysophyllum dusenii Croiupiist, sp. nov. 

Tree, yoiinj^ twi^s slender, nifous-sericeous; leaves ellipti(% abruptly 
short-acuminate, about 2.5-7.5 cm. lonji; and 1-2.5 cm. wide, ^dabrous above, 
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finely, elosel.v, and inconspieuonsly stri^ose beneath, niiieli as in C. I nor- 
nainm; primary lateral veins weak, straijrht or nearly so, ending in a dis- 
tinet snbmarj>‘inal vein, neither crowded nor very distant, the secondary 
lateral veins few, trendiiijr ])aral}el to the primary ones, and mostly obscure; 
petioles about 4-5 mm. lon<x; flowers 1-4 in the axils, the pedicels slender, 
finely and ('losely hairy, 5-11 mm. lon}»:; sepals deltoid-ovate, acute, 1.3-1.5 
mm. lon^, rufous-sericeous; <‘orolIa about 3.5-5 iiim. Ion**', ^dabrons, the lobes 
a little shorter than the tube, but split down 0.4-().S mm. farther on the out¬ 
side, as in C. pananu nsc; filaments short, attached at the level of the sinuses; 
anthers j^-labrous, about 0.()-0.7 mm. lon<r; ovary short-hairy all over, ab- 
rui)tly contracted to the distinct <jrlabrous 0.5 mm. style, 5-locular, or G-locu- 
lar in occasional G-merous flowers; fniit unknown. 

Arbor, rarnulis rufo-seri<‘eis, foliis (‘llij)1icis abrupte brevi-acuminatis ca. 

2.5- 7.5 cm. lonjris 1-2.5 cm. lalis, su])ra j^labris, infra tenuiter strijrulosis 
pills ])allidis, venis tenuibus directis, venulis paiuds obscuris ad venas paral- 
ielibus, petiolis ca. -1-5 mm. lonjiis; floi*es 1-4 axillares, pedicellis ^racilibus 
5-11 mm. lon^is, sepalis rufo-sericeis acutis 1.3-1.8 mm. lonjiis, corolla jrlabra 

3.5- 5 mm. lonj>a lobis infra et intus connatis parte libera (juam tubo breviore, 
filamentis fauce aflfixis, ovario 5-G-locidare stylo ^labro 0.5 miu. lonjro; 
fructus ijiuotus. 

Tvpk: Dhsui ll'JHi, “Morretes opp. Facenda Marumby, in silva pri¬ 
maeval’ April 4. 1014, Parana, Brazil (S). 

Distribution: Rio de Janeiro and Parana, Brazil. 

JiKAZiL: fU‘.IjiMciro: (rfaciou Uruni (K). Sjio Paulo or lUo do J.aueiro: Ifoo' 40S 

(K). ParuiiJi: l)n,s(n .v.?/., Volta (Iraiido, August 7, lUlJ (S;; Dus^fit tlWxiy Volta tlraudo, 
.inly 1914 (S). 


17. ("HKYS()iMiYLi.i\M MAKorxATPM (H. A.) Radik. Act. Gonp'. Bot. 

Anvers 1885: 170. 18H7, 

Lar^e shrub or small tree' about 2-10 m. tall; leaves relatively small, 
about 1.5-10 om. lono- and 5-40 mm. wiile, narrowl.v or broadly elliptic to 
laiU'eolatt'. oblam-eolate, ovate, or obovate, rounded or evtm refuse to obtuse 
of acute at the apex, varyin^^ from essentially ‘.•labrous to strijzose or puberu- 
lent alonji* the midrib lieneath, or loosely rnfous-tomentose on the lower snr- 
fac(‘; primary lateral veins fairly numerous, })ai’allel and jjearly straight, 
usually im])ress(‘d above, not much if at all raised beneath, the leaf appear- 
inj.^ loosely and weakly striate; sec'ondary lateral veins obscure oi* sometimes 
formin^^* an evident retietdum, mostly parallel to the primary ones, and not 
alwa.vs shar})ly distinjz'uishable from them; petiohvs about 2-8 mm. lonjx; 
flowers tiny, (dustered in tht‘ axils or at recently defoliated iiodes, subsessile 
oi‘ on pedl(*els up to 4 mm. lon^*; sepals about 0.5-0.8 mm. lon}:»‘, rounded, 
rufous-stri^ose; corolla about 1.7~2.2 mm. lonj>\ the lobes 0.9- 1.2» mm., often 
rufous-stri^ose on the outside'; filaments attaedied at the corolla throat, 
where a slight thiedvcned rin^- is more or less evident; anthers about 0.35-0.6 
mm. long*; ovary shortly rufous-hairy, its faintly lobed style 0.2-0.5 mm. 
lon^; fruit black, ellipsoid to sub^lobose, about 5-10 (rarely 13) mm. lon^'; 
seed solitary, the scar basilateral, larjre, ret use, as broad as lonjr, not reach¬ 
ing to the middle of the seed. 

Ty"PE: Ttvvediv i/, 52, and 53, from Pru^ruay, are cited in the orijj:inal 
descri})tion. An unnumbered Twecdic collection is at K. 
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Local names: Picazo rembiu (Chaco). 

Distribution: Uruf^uay, northern Argentina, and Bolivia to Matto Grosso 
and Minas Geraes, Brazil. 

KEY TO THE varieties OF CHKYSOPHYLLUM MAROINATUM 

1. Leaves glabrous at maturity or merely strigose or piiberulent along the 
mibrid beneath, 

2. Corolla more or less appressed-hairy, at least toward the base; ])cdj- 

cels evident, slender. A. var. marginatum. 

2. Corolla glabrous, rarely with a few inconspicuous appressed hairs; 
pedicels generaly very short and stout, the /lowers thus closely aggre¬ 
gated. B. var. obversum. 

1. Leaves more or h*s8 persistently toineiitose with loose rufous hairs 

beneath. C. var. tomrntosuni. 

17A. Chrysopiiy'llum marginatttm var. marginatum Cronquist, var. 
nov. 

Myrsine manjinata 11. & A. Journ. Bot. 1: 283. J834. 

ChrysophyUnm. marginatum Budlk. Act. Congr. Bot. Anvers. 1885: 170, sensu stricto. 
1887. 

C. mayienoideg Mart. Herb. FI. Bras. 177. 1837. 

C. 7nyrtifolium Mart. Herb. FI. Bras. 176. 1837. 

C. maytenoides var. myriifolium Miq. in Mart. FI. Bras. 7: 100. 1803. 

Myr.sine grisehacliH Ilieron. Bol. Acad. Nnc. (Vu'dova 4: 30;*). 1881, 

Chrygophyllum maytcnoidai a normalc Kuntze, Rev. Gtai. 3*; 104. 1898. 

C. maytenoidrg p temie Kuntze, loc. cit. 

■C. grisebachii Mez, Pflanzeiir. 4: 397. 1902. 

CAlmoides Kusby, Bull. N. Y. Bot. (lard. 4: 460. 1907. 

Flowers borne on evident slender pedicels; base of corolla-lobes and top 
of tube nifous-strigose, somi^tinies scantily so; leaves glabrous or merely 
slightl}’’ hairy along tlie midrib beneatli, g^merally broadest at or below the 
middle. 

Distribution: Range of the species. 

BRAZIL: Bivdcl lO? (ITS); Scllo (G, US); iStllo ((.-). Matta Gros.so: 

Bouhnc 4i460, Cuyaba (F), 409:^^ CuyabA (F) ; Kuntze .s\w., July, 1892, Villa Maria (F) ; 
Malme 1843^ Cuyaba (S), 1843a (S); Uorrien Smith 13, Uaiuju) Grande, 150 miles south¬ 
east of Corumba (K). Minas Geraes: Mexia 5844, Serra do Kio Gratide (C, F, G, MO, 
NA, NY, PA, S, US). Rio de JaiieirtK Glazioa 832G (K, P, S, US), 13069 (K), Ji054 
(K). Sao Paulo: Brade 5755 (S); Hoehne 39, Butantan (F); Moshi I {17 (S); Vnieri 
15938, Pinneiro (F).•Santa Catliarina: Vic 1095 (US), Rio Grande do Sul: JAndman 
A1429, Yal de Serra (S); Lindman A1633, Porto Alegro (S); Malme 70 (8, USj; 
Malme 1461, near Porto Alegro (S) ; Malme 1613 (G, S) ; Leite 3548, Sao Leopoldo (G) ; 
Sella 1170 (C, PA, 8). Paraouay : Balansa 3336 (F, S), 4490 (F) ; Fiebrig 5405 (G, K, 
US), 5940 (US), 6136 (F, G, K, US); Bassler 437 (K), 564 (K), 3010 (K), 11301 
(A, F, K), 11734 (A, G, K, MO, US) ; Jorgensen 3760 (A, F, G, MO, NY, PA, S, US) ; 
Kuntze s.n., September 1892 (F, NY); Malme 843 (G, S, US); Morong 701 (G, Mieh, 
MO, PA, US), 701A (C, US), 841 (C, G, K, Mich, MO, NY, PA, US); Bojas 1694 (S). 
Bolivia: La l?a 2 : Bang 3157, Coripati, Yungas (NA, NY, PA, US); Buchtien 4S59y 
Milluguaya, in Nord-Yungas (US). Santa Cruz: Herzog 1353 (S) ; Kuntze s.n., La Cruz 
(NY), Uruguay: Lorentz s.n., Ai>ril, 1876 (G, US). Argentina: Jujuy: Venturi 5307, 
Sierra do Calilegua (G, US). Tucuman: Bvrkart 5368, Sierra de Jan Javier (G); Jorgen¬ 
sen 1918, Alpachiri (G); Lorentz 183, La Cruz (K); Loreniz ^ Hieronymus 1040 (F, 
US); Farodi 11088 (F) ; Venturi 333 (F, G) ; Venturi 344, Barranca Colorado (A, NY, 
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8, UH); Vnituri Cumbre de Taficillo (A, US); Venturi 10340, Oorro del Campo 

(MO, S). Chaco: Jorgennen '3090^ Los Palmas (G, MO, 1^8) ; Schulz SSBj (?olouia Benitez 
(NY); Meyer 728, Fontana (G). Misiones: Curran 718, Puerto Leon (NY); Gruner 
1029, Loreto (NY); Hodrignez 350, Santa Ana (G, NY, TJS). Corrientes: Bonpland s.n. 
(F) ; Parodi 11989, San Luis del Palmar (G, NY'). 

17B. CuRYSOPiiYLLUM MARGiNATTLM var. obvcrsum (Miq.) Cronquist, 
comb. nov. 

r. cbenaeeum Mart. Il(‘rl). FI. Bras. 176. 1837. 

C, martianum A. DC. Ibodr. 8; 161. 1844. 

<\ cbenaeeum var. obvernum Miq. in Mart. FI. Bras. 7: 100. 1863. 

C. ebenaeeum var. pedunCulainm Miq. in Mart. ioc. eil. 

C. ebenaeeum var. lalifoUum Miq. in Mart. loc. eit. 

C. < benaeeum var. lougifoUum Miq. in Mart. loc. eit. 

Flowers mostly siibsessile or on very short stont x’^dioels, thus more or 
Jess ^‘loinerale; corolla glabrous, or very nearly so; style very short, about 
().2--0.3 mm. lon^*; leaves j 2 :labrous or merely sli*»htly hairy aJonjr the midrib 
beneath, often broarlest above the middle. 

Tyi*E: Martins 886, Sao Panlo, Brazil (G, MO, NY). 

Distribution ; Sao Paulo, Minas Geraes, Matto Grosso, and Bio de Janeiro, 
Brazil. 

BKAZir,: liurchill ,i015 fK), ((o, 4705-10 (G), 0988-3 (G, K) ; Martian 887 

( P, K, NY, P.\). Matto (Jimisho: Malme 1394, Cuyaba (G, S, T^S) ; Riedel 847, Cuyaba 
(FS;. Minas Geraes: Hanula 73if7, Bello Horizonte (V); Claunen 45 (F, P), 150 (F, 
NY;; Martian 37 4 (G—})hoto) ; N7. llillaire 381 (P). Rio de Janeiro: Gtaziou 5930 
(F, K, S), 8793 (A, K, XV, S). Sad Paulo: Bradt 5755, Moaca (F), 5706 (S) ; Hoehne 
JS793 (eult.; (A, (\ F, NY, S); Loefgren 3910 TF); Mosen 4659 (S). 

17(’. GnRYsoPHVLiJFM MARorNATCM vai*. tomentosum (Miq.) Cronquist, 
comb. nov. 

C. gudirmitiianum A. J)(\ Prodr. 8: 161. 1844. 

(\ f beuacf urn var. tomentonutu Mhj. in Mart. FI. Bras. 7; BK). 186,3. 

Leaves more or less ])ersistentl,v tomentose beneath with loose rufous 
luiirs; otherwise much like var. (fhrersuoi, but the leaves less often obverse. 

Type: Si>ecimeus from Minas Geraes b.v Widtiren (K, S), and Polil are 
cited. 

Distribution: Minas Geraes, Sao Paulo, and Bio de Janeiro, Brazil. 

Brazil: liureheU 4813 (K»: Uiedet 881^ {ar 3843h (NY, FS); Pohl 1461 (F, G. 
FS). Sao P:iulo: Guillemin 499 (F); Mosen 1447, Mozy guassu (S), 1419 (S); Mosen 
1448, Mogy mirim (S), 4659 (S). Minas Genies: Brito 19888, Belo Horizonte (F) ; Mosen 
1899, Caldas (S), 1150 (G ) ; Regnett 855, Caldas (G, K, S, T\S). Rio de Jatadro: Glaziou 
13936 (A. K, P). 

The name Chrfisaphylluni niardituttum (H. & A.) Badlk. is teehui(*ally 
a hyfionyin, and may he eonsidered to be validated here. 

Several varieties have been based on differenees in size and shape of tlie 
leaves, but these features are so variable as to he of very dubious taxonomic 
value, Exctqit that var. tihtH rsnni more commonly has the leaves broadest 
above the middle than do the other varieties, it is to be presumed, until 
eareful field study proves the contrary, that variation in size and shajie of 
the leaves of 0. rnarginatnm is of no taxonomic significance. 
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18. Chrysophyllttm ovale Rusbv Mem. N. Y. Bot. Gard. 7: 320. 1927. 

Tree; leaves j^labrous, elliptic* or elliptie-ov«te, coiispieiiously aenmiiiate, 
about 3-11 cm. ioujr and 1.5-6 eiri. wide; ])riniai*y lateral veins straight or 
nearly so, neither crowded nor very distant; lar<»:er secondary veins mostly 
trendinjr parallel to the primaries, and not always sharply separable from 
them; petioles about 4-12 mm. lon»*; flowers clustered in the axils or at 
recently defoliated nodes, borne on slender pedicels about 4-6 mm. lon^. 
very similar to those of C. niarqinainm, but slijihtly lar^an*, the corolla about 
2.5 mm. lonp:; fruit broadly ellipsoid or sub^^lobose, about 1.5-2 cm. lonj*;; 
seed solitary, with a broad basilateral scar extendin**: about two-thirds its 
leiijith. 

Type: White 7.V<S’/yl, Esperanza Falls, near the northern tip of Bolivia, 
500 feet (NY, US). 

Distribution : From Loreto, Peru, to northern Bolivia. 

Pert’: Loreto: Klitff Florida, Rio Putumayo, at mouth of Rio Zuhiiiota, ISd m. 

alt. (A, F, US). Braztt^: Vlr Aloiite Mo, Rio Aere, either in Acre Territory or in 

adjacent Amazonas (K). 

19. Chrysophyllum lucentifolium Uroncpiist, sp. nov. 

Tree or arborescent shrub; leaves <rlabrous, shining*, elliptii* to (41i})tii*- 
oblanceolate or elliptic-obovate, ^'•enerally acute or a(*uminat(* at the apex, 
tapering to the base, about 4-10 cm. lou^’ and 2-4.5 cm. wide; ])rimary 
latei'al veins prominent, well-spaced, <renerally arcuate toward tlie margins: 
secondary lateral veins conspicuous, irrejiular, loosely reticulate; ])etioles 
about 5-10 mm. lon^:; flowers subsessil(\ bornf' sinji:le or few tojxether in the 
axils or at recently defoliated nodes; se{)als about 1.2-2.0 mm. Iou^l sparsely 
strij^ose, the inner frin^ed-ciliolate; corolla plahrous, about 2.7-3.0 mm. lonji*, 
the lobes equalinji’ or much exceeding- the tube; filaments atta(*h(Ml at or 
slij 2 :htly below the level of the sinuses, but their trac'cs raised and conspicu- 
A>us to the base; anthers 0.9-1.1 mm. hmji'; ovar.v hairy, 5-lobed, 5-l(n*ular; 
style short and stout, about 0.5 mm. Ion**'; stigma-lobes 5; fruit about 1.5 -2 
cm. lonjr, ovoid or subjilobose, somewhat sulcate, at least when dry, between 
the several seeds; seeds nearly as lon»’ as the fruit, each Avith a linear scar 
extending* its full len^dh. 

Arbor vel frutex arborescens, foliis {ilabris lucidis eHi])1icis vel elliptico- 
oblaiiceolatis vel elli])tico-obov«itis, apice acumiiiatis basi ('uueatis 4-10 cm. 
longis 2-4.5 cm. latis, venis prominentibus arcuatis, venulis prominentibus 
irre^rulariter reticulatis, petiolis 5-10 mm. lon^ris; flores pauci axillares sub- 
sessiles, sei)alis 1.2 2.0 mm. lonjzis sparse strij^osis, corolla glabra 2.7-3.0 mm. 
lonj^m, lobis tubuni ae(pjantibus vel excedentibus, fllamentis fauce affixis, 
ovario 5-locTdare; fructus ovoideus vel subjrlobosus sulcatus 1.5-2 cm. lonji!:!^, 
seminibus paucis cicatrice lineari. 

Type: Riedel sji.y Macahe, Kio de Janeiro, June 1832 (US). 

Distribution : liio de Janeiro, Brazil. 

Brazil: Rio de Janeiro: Kicdel 11 ^ 9 , Octoiwr, 18.32 (NY, US). 

This species is probably related to C. (jonovarpnm, from which it differs 
in its shining, mOvStly smaller leaves, which are j>:labrous from the first, 
shorter corolla and style, and in havinjr the filaments attached near tlie level 
of the sinuses, instead of toward the base of the tube. 
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20. (^hrysopiiyllum cainito L. Sp. PI. 192. 1753. 

Tree sometimes as rniioli as 30 m. tall; leaves elli])tie or oblong*, ‘generally 
abruptly short-aeiimiuate at the apex, up to about 16 cm. iono’ and 8 cm. 
wide, soon < 4 :labrous and shiuiii”* above, persistently rufous-sericeous or 
-tomeiitulose beneath, sometimes beeominjr a little paler in ajie; primary 
lateral veins strai^dit or slijilitly curved, neither (U'owded nor very distant, 
not sharply separable from the larj^ei* secondary ones, whicdi trend parallel 
to thcTU; flowers numerous in axillary clusters, the })edicels <‘losely rnfous- 
haw*y, about 5-15 mm. lonj*'; sepals about 1.0-1.2 mm. lon^-, closely nif{*scent, 
suborbicular; corolla about 3-5 mm. lonji:, the tube glabrous, tlie lobes 
rufous-hairy exee]>| near the marjrins, somewhat ovate, more taperinji* than 
in most spet'ies, (Mjualinji- oi* usually a little exceeding- the tube; filaments 
attac'hed a little above the level of the sinuses; anthers about 0.7-0.9 mm. 
lon^'; ovary 7-12-!oeular, with a short style and discoid stigma, the stijrma- 
lobes as many as the lo(oil(*s; fruit yellow, jzTeen, or ])urple, lar^**e, 3 cm. or 
ni<»re thi(‘k, sometimes as much as 12 cm. thick, mostly obovoid or subclobose, 
several-seeded; seeds flattene<l, oblitpn^ly obovate. with a broad lateral scar 
extendinji' nearly their whole lenjzth. 

Typk; Linnaeus ('ites no s|)e<‘imens, but refers to several other publi- 
('ations. 

Lo(*al names: Star-apple; caimito. 

Distribution: Colombia to Surinam, north throughout the West Indies, 
and thronjih Central America to southern Mexico. Widely cultivated and 
naturalized, so that the original ran^e is uncertain; almost (-ertaiiily native 
iji the West Indies, and pr(3)ably also in northerji South America, but jm)ba- 
bly only naturalized on the North Afuerican continent. 

( ’oIjO.m in A : M litis SI (VS). loss (t%S). Allant’u'o: Elids ParnoHjiiilla (F, T^S). 
f>o]ivar: Cnryan J-U, Moiiipos Lslaiid ((i, PS); Ixillip if- Sniilh 11 fSft, Tiirhju'o (A, (t, 
\V, PS). Norte <i(‘. Sjnit;o»<l4‘r: ('iiatn (uisay:, Scfiultis 4'- Sniitii Sarnre rcjjion ('PS). 

.\iitioquia: Ilniiid San (icronimo (PS). Valle del ('auea: Triana PU Ksj^inal, 

vallfv of Iln> Ma^^dalena (K, XV, PS). Toliina: Jlarriffn SldS:, (tuvahal. Vkxkzcklv: 
Merida; rulh r St-h!, inair "I'ovar ((«, K ) . Araii’ua: (Itardon }(i0, K1 Roro/.jil (PS), 
l^olivar: Jliisbu S' S<fiiirf,s s.n. (XV). TkinioM): liKKidnuif s.n., September 16, U)1S (G, 
XN\ PS) ; JOffji rs I,) (PS). l>KlTisif (U'l\XA: ih La Cruc /^(tlS, llartiea, Essecpiiho Rivi'r 
(it, MO, NA\ PS); (ihasoii idd Jtoek.stone ((P XV, PS). Sckinam: J^aujouu' 1O0, 
Pliarh'sbnr^, near Paramaribo (S); Path 6, near Paramaribo (PS). 

21. CiiuvsopuvLLPM coniLEAuiPM LeCoiute, Notnlae Syst. 4: 63. 1923. 

Tree; twiji-s slender, rnfons-tomentose when yonn^; leaves obovate or 
e!li])ti('-ol)ovate. about 4.5 7.5 cm. lon^- and 2-4 cm. wide, closely sericeous 
with fine rich red hairs ou botli sides wlien youin^, soon jrluhrate above, and 
probably eventually so beneath; primary lateral veins about 8-12 pair, 
anniate; secondary lateral veins obsimre, loosely reticulate, the stronitier ones 
mostly trending' nearly at rijrht angles to the primary veins; petioles about 
1 (*m. lonji’; flowers in small clusters at defoliated nodes, the pedicels nifous- 
sericeons, about 12 mm. lonji'; sej>als hairy like the i)edicels, about 1.5 mm. 
lonjj:; eorolla about 3.0-3.5 mm. lon«»-, the lobes rufons-st'riceons ou the back, 
twice as hum as the tube, or lon&er; filaments attached at the level of the 
sinuses, or a little above, slender, about 1 mm. lonj?; ovary closely rufous- 
hairy, 5-6-Iocular; style jzlabrous, about 0.7-1.1 mm. lou^‘; stijrma-lobes 
obseiire; fruit unknown. 
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Type: Benoist 224, French Guiana (F—fraf»*ment). 

Local name: Bois cuiller. 

Distribution: Known only from the type collection, Frencli Guiana. 

22. Chrysopiiyllum rufum Mart. Herb. FI. Bras. 174. 1837. 

C, rufum var. aciitifolium Mart. Herb. PI. liras. 289. 1837. 

C. tomentosum Proire-Alleiri. Trab. Comm. Sci. Expl. Hot. Kio de Janeiro 1: 69. 1866. 

Small, much-branched tree about 5-*15 m. tall; leaves elliptic or elliptic- 
lanceolate, usually acuminate, about 3.5-8 cm. lojij>: and 1.5-2.5 cm. wide, 
glabrous and shining above, sericeous-tomentose beneath with dull rufous 
hairs; primary lateral veins about b-15 pair, fewer, more widely spaced, 
straighter, and more con.s])icuously bifurcate near the margins tlian in C. 
pavonii; secondary lateral veins trending parallel to the primary ones, the 
larger ones not always separable from them; petioles about 5-9 mm. long; 
flowers ()-7-merous throughout, clustered in the axils and at defoliated nodes 
as well, the pedicels slender, rufous-.sericeous, about 3 mm. long; sei)als 
hairy like the pedicels, about 1 mm. long; corolla sparsely rufous-hairy 
glabrous, about 2.4-2.6 mm, long, the lobes twice as long as the tube, each 
bearing three thickened nerves within; filaments attached at the level of the 
sinuses, slender, flexuous or variously bent, the tracts visible to the base; 
anthers cuspidate, about 0.8 mm. long, dehiscent to the base, but the walls 
remaining closely ap])roximate along the line of dehiscence. ex(*ept at the 
top, where they spread to form an evident apit'al pore; ovary short-hairy. 
6-7-locular; style slender, about 0.8 mm. h)ng; stigjna-Iobes obst'ure; fruit 
smooth, about 8-12 mm. long, or perhaps sometimes larger, 1-2-seeded, sub- 
pyriform; seeds obovoid, obtuse at the ai)ex, a<Mite at 1h(‘ base, the seed-coat 
regularly tuberculate, sulcate between the tubercles; seed-scar basilateral, 
suborbicular, extending about to the middle of the seed. 

Type: Martins 272, in sylvis, (kia-tinga, Bahia, Brazil (G—jdmto). 

Distribution: Bahia, Cara, and Kio de Janeiro, Brazil. 

Brazil: CVani: Vlr Scrra do Huturite ((\ P, K). HiiIum : Martins nJI, Cruz de 

Casma (P, G, K, MO, NY'); Tusrhnuth (F). Kio de Jjujciro: Ghi;:iou llliG (K). 

The description of the fruit and seed for this s])ecies is taken from that 
given by Mi(|uel in the Flora Brasiliensis. 

23. Chrysophyllum pavonii Cronquist, nom. iiov. 

Nyctrrisifion ferruylneum R. & P. FI. Per. 2: 47. pi. 187. 1794. 

Chrysiphyllum ferruyinrum Steud. Noin. ed. 2. 1: 369. 1840, not (iaertii. f. 1805. 

Tree with hard fulvous wood; latex turning blood-red when exposed to 
air; leaves somewhat astringent, elliptic-oblong, rounded to more commonly 
acute or acuminate, about 4—13 cm. long and 2-5 cm. wide, glabrous above, 
sericeous-tomentose beneath with lustrous deeji-rufous hairs; jiriniary lateral 
veins straight or slightly curved, bifurcate near the margins, about 12-25 
Xiair, not always sharply separable from the larger secondary ones, which 
trend parallel to them; petioles about 1 cm. long; flowers clustered in the 
axils or at recently defoliated nodes, the pedicels rufous-sericeous, about 2 
mm. long; sepals rufous-hairy like the pedicels, rounded, 1.1-1.3 mm. long; 
corolla about 3.0-3.5 mm. long, the lobes scarcely equaling the tube, the 
lobes and the upper part of the tube sericeous-strigose with rufous hairs; 
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filaments attached at the level of the sinuses, short and stout; anthers about 
0,5~0,6 mm. lon^r; stip:ma-lobes obscure; fruit unknown. 

Type*. One of two or more collections from Peru by Rinz (t Pavon. 
Specimens from apparently two different collections of this prroup are at F; 
two photographs are at G, and one at NY. 

Local name: Chichimicuua. 

Distribution: Known only from the original colleidions, Peru. 

24. Chrysophyllvm janx ariense Ei(*hl. Vidensk. Meddel. 1870: 206. 
1871. 

Twigs densely villous-tomentose with spreading rufous hairs; leaves 
elliptic-oblong, rouiuhnl to subcordate at the base, acute at the ajiex, about 
7-43 cm. long and 3-6 cm. wide, soon glabrate and shining above, persistxmtly 
hairy beneatli with long-stalked two-forked rufous hairs, more densely so 
along the midrib; primary latei*al veins about 9-14 j)air, irregularly spaced, 
straight, bifurcate luvir the margins; se^'ondary lateral veins loosely and 
irregularly reticulate, some of the larger ones sometimes parallel to the pri¬ 
mary ones; petioles about 4:-5 mm, long; flowers clustered in the axils, the 
])edieels densely spreading-hairy like the twigs and petioles; sepals short, 
broad, and rounded, hairy like the pcdioles; corolla glabrous, the lobes about 
e(jualing the tube; filaments inserted near the middle of the tube, slender, 
half as long as the ('ordate laterally villous anthers; ovary depiTssed-globose, 
dens(dy rufous-hairy, o-locular; style short, glabrous; stigma-lobes obscure; 
fruit unknown. 

Type; Two collections by (Uazioif from Rio de Janeiro were cited by 
Eichler. The first number, /Poo, is of ])lants pa.st anthesis, without corollas 
(G, K, NY, P). l)ui)licates of the second number, :25fJ8, have flowers in 
maturing bud, the (‘orollas ready to o])en (A, K). This number is accord¬ 
ingly selected as the ty[)e. 

Distribution: Rio de Janeiro and j)erhaps elsewhere in Brazil. 

P>RAZ1L: Prarcr Simtn Aim, feet, 1800 (K). 

The Paris specimen citcnl above has the number 1055 marked out, and 
rei>laced with There is also a collection at Kew bearing the numbers 

- 1005 , 

25. CiiRYSopiiYELrM SPARSIKLORT'M Klotzscli cx Mi(j. ill Mart. FI. Bras. 
7: 90. 1863. 

C. sparsi/htrnm v;u. Miij. in Mnrt. lo<'. cit. 

Young twigs rufous-sericeous; leaves lance-elliptic to elliptic or elliptic- 
ovate, about 5-12 (un. long and 2-4.5 cm. wide, yelhnvish-sericeous on both 
sides when young, soon glabrate above, more tardily so beneath, the hairs 
loosely a})presse(l, about ().3-0.() mm. long; primary lateral veins arcuate or 
um^cjually bifurcate near the margin, irregularly set, the secondaries mostly 
trending about parallel to them and not always sharply separable; petioles 
about 3-6 mm. long; pedicels about 1-4 in the axils, sericeous, 2-3 mm. long, 
deflexed or recurved at least before anthesis; sepals hairy like the i>edicels, 
about 1.6-1.8 mm. long; corolla glabrous, about 3.5 mm. long, the lobes a 
little longer than the tube; filaments slender, shorter than the anthers, nearly 
or (|uite free from the tube; anthers cordate-ovate, minutely apiculate, about 
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1.5 mm. lon^is densely woolly-villous on the mar«riiis; ovary hairy, S-loeular, 
the style short, ^>:labrous; stijrma-lobes obseure; immature fruit {rlabrous, 
obovoid or sub^lobose, over 1 em. loii^, single-seeded. 

Type: SchomhHr(jk 680, British Guiana (P—fraj>:ment, K). 

Distribution: British Guiana, and Para, Brazil; eertainly to be exported 
in northern Amazonas, Brazil. 

British Guiana; Schombnrffl: 420, Pirara (F). The Ki*w s])tH‘inu'n oiti'd abovp hears 
hotli numbers, OSO and 420, 

The deseription of the fruit is taken from Miipiel’s d('serii)tion, which 
is based on a specimen colkaded by Spruce near Santarem, Para, the tyi)e 
of var. fagifolium. A photograph of a plant in the Munich herbarium, labeled 
Chrysophyllum spoisiflorum var. fagifolinm, ajrrees with this descrij)tion, 
aJid may represent an isoty[)e of the variety. 

26. CiiRYSOPHYLLT^M PULriiERUiMT^M Mart. Eichl. ex Mi(|. in Mart. FI. 
Bras. 7: 92. 1862. 

Tree up to 10 m. tall; youii**' twij.!:s rufous-sericeous; leaves elliptic or 
ediiptic-ovate, rounded to acutish at the apex, about 4-11 cm. lon^* and 
2.5-5.5 cm. widcb jrlabrous above, persistently sericeous beneath witli ri(di 
purplish-red hairs; venation of the usual chrysophylloid ty])e, with strai^dd 
bifun'ate irrej>ularly set })riuiary lateral veins, and 7‘elatively Few sei'on- 
daries, these mostly parallel to the primaries; ]K*tioles about 1 cm. louji'; 
flowers several in axillary clusters, the i)edicels slender aiul lax. rul'ous- 
sericemus, about 15-25 mm. loii^; sepals rufous-seric(‘ous, about 2.5-;) nun. 
]oii<»:; corolla a little lon^i'cr than the calyx, nearly jilabrous, the lobes shorter 
than or about equaliuj^ the tube; filaments slender, in.serted about at the 
middle of the tube; antliers cordate-ovate, emarj’inate at both ends, loiij*- 
villous; ovary rufous-sericeous, taperinjr to the ^dabrous 1 mm. style; fruit 
unknown. 

Type*. Sello JO.'IO, eastern Brazil ((\ F—photo and fra^aiuuit, G—photo, 
K, NY—photo). Another collection from eastern Brazil, by Freireiss, is also 
cited in the orijiinal description. 

Distribution : Known only from the ori<»inal collections, in eastern Brazil. 
A specimen at K, without desipiaticm of the collector, b(‘ars the data, 
“Camamee, Prov. do Bahia.” It is very })robably an isoty])e. 

27. Ciirysopiiyllitm splendens Sprenjz’. Syst. 1: 666. 1825. 

(\ amplifolitnu A. DC. Prodr. 8: Ibi). 1844. 

Tree about 10 m. tall; youuf? twijrs closely rufous-sericeons; leaves (‘lli})- 
tic-oblou^ to broadly ellifdic-oblanceolate, about ]0-;i0 cm. lou^ and 4—12 
cm. wide, rounded to abrui)tly short-acuminate or merely acutish at the 
apex, p:labrous above, densely and ])ersistently sericeous beneath with 
coppery-rufous hairs; primary lateral veins about 10-22 i)air, rather irre^ni- 
larJy set, mostly anniate near the marfrins; secondary lateral veins few, the 
larjrer ones mostly trending' parallel to the primaries; petioles about 8-17 
mm. lon^i; flowers clustered in the axils, the jiedicels rufous-seri(*eous, about 
7-13 mm. lonj^; sepals hairy like the pedicels, about 2.0-2.8 mm. lon^; corolla 
about 3.5 mm. lon^r, moderately rufous-stri^ose or rufous-sericeous below, 
the hairs concentrated near the sinuses; corolla-lobcs from a little shorter 
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to a little lonf>:er than tlie tube; filaments short, attached about at the middle 
of the tube; anthers about 0.9-1.1 mm. lon^, villous, sometimes sparsely and 
shortly so; ovary sulcate, closely hairy, 5-locular, taperiiijyt' to tlie 1.5 mm. 
style, which is glabrous above; stijrma-lobes 5; fruit unknown. 

Type: None ^iveu; possibly one of the Sello collections cited below. 

Distribution : Bahia and perhaps elsewhere in eastern Brazil. 

Brazil: Sello o7.7 ((i—photo), T'/M' (K). Bahia: lliedel <S\ near lilieos (XV, T’S); 
J^'roes 1077, road to Poiital, basin of Jlio Santa Ana (A); Hfancliri 3'J02A ((t — 2 >boto, 
NY —plioto j. 

28. (hiRYsoPHYLLTWi AKENARH'vi Pi*eire-Allem. Trab. Comm. Rci. Expl. 
Bot. Kio de Janeiro 1: 72. pL '^2. 1806. 

Much-branched shrub or small tree sometimes 7 m. tall; twifis roujihened 
by the numerous lenticels, loosely rufous-sericeous when younji:, soon ^la- 
brate; leaves ovate oi* elliptic, acutish or bluntly acuminate, about 1.5-6 cm. 
hmo' ami 1-4 em. wide, sericeous-tomentose with more or less rufous hairs 
when unfoldin^^ very soon j.dabrat(‘ on both sides, or sometimes with some 
persistent hairs aloiijr the midrib beneath; primary lateral veins straight, 
impressed above, not iiuk'Ii raised beneath, about 1.5-4 mm. apart; setmndary 
lateral veins obscure; petioles about J-4 mm. ion<r; sepals more or less 
iMifous-stri^mse, about 0.8-0.9 mm. lou^; corolla ^dabrous, about 2.0 mm. 
lon^‘, the lobes e(iualiim‘ or nnu'h exceedin<»’ tin* lube; filaments short, attached 
near tlie middle of the tube; anthers lon^-villous on the margins, cordate- 
ovate, retuse or obs(uirely a])iculateat the summit, about 1.0 mm. lonj^’; ovary 
short-hairy, 5-iocular; style glabrous, scarcely 0.5 mm. lonji;; stigma-lobes 
ol)s(‘ure; fruit obovoid. about 12-14 mm. loim* and 8-9 mm. thick, subtruncate 
at the aj)(*x, with thin pul[); se(‘d solitary, obovoid, with broad basilateral 
scar extending about two-tliirds of the way to the summit. 

Type: Frrirr-Alh mao .s.//., “Habitat in arenosis cii*(*a civitatem h"ortaleza 
dictam, in provimua (’eara, April." 

Distribution : (Vara to Rio de Janeiro, Brazil. 

Bkazil; (’earn; Lei'izdbura 30443, Arnrtis (^irnsen, vSerrn do Ar;iripe (F). Rio de 
d;ineii'(»: iihnion 11)47 11143 (Kj. 

2!1, Cnuvsoruvi.LrM inbknatfm Mart. Herb. PI. Bras. 176. 1847. 

r. lanendat(nil (’ns.nr. Stirp. Bins. Bee. 7: (>4. LSI.'); nee. to Atiip 

Twiji’s slender, yellowish-s(‘riceous wlum younj»‘; leaves lanc(»-elliptic, 
acuminate, about 4-10 cm. lon^ and 12-28 mm. wide, ^dabrous above, finely 
strio-ose or sericeous-striotise beneath with closely appre.ssed whitish hairs 
about 0.1-0.2) mm. lon^, sooner or later jilabrate; indmary lateral veins 
mostly straiji'ht oi- nearly so and bifurcate iu‘ar the marjiins, not sharply 
sejtarable from the sivoudary ones, which trend parallel to tlumi, the lateral 
veins thus appearing' rather crowded, about 1-4 mm. apart; petioles about 
2-7 mm. lono-; flowers solitary or few in the axils, the ])edicels slender, seri¬ 
ceous, about 5-8 mm. Ion<»:; sepals about 2 mm. lonji or less, ovate, suba(*ute; 
corolla about 4.0 mm. lon^*, glabrous, the lobes about e<pialinji‘ the tube; 
filaments short, attached near the base of the tube; anthers apieulate, (*ordate 
at the base, villous; ovary hairy, 5-loeular; style short, glabrous; stijrma 
obscurely 5-lobed; fruit unknown. 
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Type: Sello 4530, toward Austrum, Rio Graiule do Sul (C, F—photo and 
fragment, G—photo, K, NY—photo, ITS). 

Distribution: Rio Grande do Sul to Rio do Janeiro, Brazil. 

30. CThbysopiiyllum flexxtosum Mart. Herb. PI. Bras. 98. 1837. 

r. departs Rnimk. Vidoiisk. Moddel. 1889: 9. 1889. 

Small tree up to about 12 m. bi{j:h; leaves elliptic or elliptie-oblouji', mostly 
acute or more commonly acuminate, about 6-40 cm. lonj? and 2~12 cm. wide, 
j^labrous above, sericeous-strijrose with whitish hairs beenath, the hairs about 
0.3-0.6 mm. lonj»:, sooner or later ^labrate; primary lateral veins welbs])aced. 
about 5-15 mm. apart, mostly arcuate near the marfrins; secondary veins 
not very prominent, {'■enerally forminjr a loose open reticulum; petioles about 
8-20 mm. lonjr; flowers borne in the axils or at recently defoliated nodes, 
about 2-13 in a cluster, the pedicels about 6-16 mm. lonj^; sepals about 
1,5-3.5 mm. lon^, appressed-hairy; corolla about 3.7-7.0 mm. lon^, jjrlabrous 
or nearly so, the lobes a little shorter than the tube; filaments attached at 
or a little below the middle of the corolla-tube, lon^^er tlian the anthers; 
anthers villous, pointed, about 1.0-1.4 mm. lonjr; ovary appressed-liairy, 
narrow, tapering P'radually to the stout irlabrous style about 1.2-2.5 mm. 
lon*r; fruit unknown. 

Type: Martha 102, in acurriine montis (k)rcovad(), Brazil, 1838 (F, G, K, 
MO, NY, PA, US). 

Distribution: Minas Geraes, Rio de Janeiro, and Sao Paulo, Brazil. 

Brazil: Burchell ISOO (0, K); (Uaziou 793 (UB'l: Vohl 997 ( K ) ; Bivdel 16 (US), 
1^90 (US); Sello 16S'J-S30 (0). Minas Geraes: Mrjia 6rJ7, Vi(;osa ((\ F, G, MO, NY, 
PA, S, USj. Rio de Janeiro: Brade 4:i (G); Glazioa V9S (K), 1366 (NY), 9601 (K), 
1168:2 (A, —]dioto, K, P, S;, 17134 (A, K, NY); Guillemhi 26(f, Mont du (Joreovado 

(F, P); Iloehnr 24880, Tijuea (F) ; Biedel 683, Maealie (NY, US); Jiiedel 1223 (NY, 
US) ; Biedel 3013, Ooreovado (US). Sao Paulo: Mosen 3896, Santos (K, S) ; 6fosn) 3f38, 
Santos (S). 


DoimTFUL and i:.\:(t.udei) species 

Chrjisoplipllum alnifoUum Fujj:!. BoI. Jalirh. 12; 1890. - tnpleri Fyiua. 

C. ambelaruifolhun Sandw. Kew Bull. 1931: 470 r Oxythece ambelaniifoUa (Sandw.) 
('ronquist, comb, nov, 

C. aquaiieitm H.B.K. Nov. Gen, A Sp. 3: 2ilH. 1818. Xoin. dub. based on sterile s]M‘(*i 
mens, " 

C. brasiliensr A, DC. Prodr. 8: 150. \H44,~Snrcauhts hrasilievsls (A. DC.) Eynia. 

C. humelinides Miivt. Herb. FI. Bras. 177. iH37. - rradosia laclesccns (Veil.) Kulilni. 

C. bttratihnn attr. to Riedel by Hook. & Jaeks. Kew hid., as a svnonyin. Buranliein 
was merely listed by Riedel as tbe vernacular name of an unidentified species of “r/o*//* 
sophidhmd ^ The plant is a Pradosia. 

C. eapevnense A. DO. Prodr. 8: IdO. 1844. = 7V>wfem/ capennensis (A. DC.) Eyma. 

C. crotonoides Klotzsch ex Hook. & Jaekson, Ind. Kew. Suppl. l.-Pouterui croiott- 
aides (Pierre) Baelini. 

C. eximium Ducke, Bull. Mus. Hist. Nat. Paris Jl. 4: 744. 1932. = EccUnusa eximia 
(Ducke) Croiiquist, eomb. nov. 

C. Ciispidatum Hoehne, Ostemia 392. 1933. An midescribed new genus. 

C. pardneri Mart. & Miq. in Mart. FI. Bras. 7: 102. 1803. =: PoMfehn pardneri (Mart. 
& Miq.) Baehni. 

C. glaucescens Engl. Bot. Jahrb. 12: 521. 1890. ^ Oxytbece glaucescens (Engl.) Cron* 
quist, comb. nov. 
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C. ylycyphloeum Casar. 8tirj). Bras. Dec. 1: 12. 1842. = Pra^/e.s'?(i gJifcyphlof a ((^asar.) 
Kuhlrn. 

C. hvmholdiiaruirn Koem. & Sclnilt. Syst. 4: 813. 1819. Noin. dub. 

C. ivophylluM Mart, ex Miq. in Mart. FI. Bras. 7: 105. \86'^.-Pradt)sia inophylla 
(Mart.) Duckc. 

C,1clugii Baehni, Caiidollea 7: 134. 1936. = Ecclinusa klugii (Baelini) Cronquist, comb. 

nov, 

C. leplocarpum Hf)ruc(‘ ex Baebni, Candollea 9: 427. - Oxythece Irptorarpa Miq. 

in Mart. FI. Bras. 7: 106. 186.3. 

C. lonififolium Mart. & Eichl. ex Miq. in Mart. FI. Bras. 7: 97. 1863. Tnsuffieiently 
known; certainly none of the otheiAvise known species of Chrysnphyllum. Ferhaj)s a 
Poiiteria. 

C. maantcoii Anbl. PI. Gui. 1: 2.3.3. p7. yj. 1775. Xoinen confnsutn, based on fruit of 
PhrysophyUum caiitiio and folia/j^e of some other plant. 

r. mnrrophyUum Lam. Tab. Fncyc. 2: 44. 1793.- Pouirria mavropltylla (Lam.) Erma. 
C. imivrophyllum Mart. Herb. FI. Bras. 175, ~ P-avcaulus hrasiliensi^^ (A. i>C-) 

Eyina. 

C. mangtiUo J.am. 3\ab. Kncyc. 3'ab. Encyc. 2: 4.5. 1 79.3. - manglilla (Loin.') 

B. Br. 

C, mfdinotti En^l. Bot. dahrb. 12: 521. 1890. n Micropholis yuyancnsis (A. DC.') Pierre. 
C. niichino II.B.K, Kov. Gen. & S]>. 3: 2.36. 1818. Xoin. dub.; perhaps a s])ecies of 
Afanilkara. 

<\ mhiutiflarnin Britt, Bull. T'orrey Club 48: 3.37. 1922. - Poutt ria luinuiiflora (Britt.) 
Saiidw. 

C. oh foliinn Spruce e\ Mitj. in Mjirt. El. Bras. 7: 101. 1863. r. Oxyihvce sp. 

C. oppofiitnm Duckt*. 3'roj>. Wood.s 71: 18. 1942. - Ecclinusa opposita (Dueke) Cron- 
<|uist. c(unb. nov. 

pdrviflorum (3isar. Stirp. Bras. Dec. 7: 63. 1843. Xom. dub.; possibly not sapo- 

taceous. 

r. piJinilittn ('3iod. & Bass. Bull, Herb. Poiss. II. 7: 674. 1907. - Ecclinusa pumila 
(Chod. & Hass.) (’roncjuist, comb. nov. 

C. pumihnn f. ffhihri sto ns Cluxl. 6s Hass. loc. cit. - ]>raec. 

(\ pyriformr Willd. Sp. PI. 1: 1084. 1797, A subvstitute name for C. mac(nicin(, (pv., 
supra. 

(\ rnmifforuHi (Mart.) A. D('. Prodr. 8: 158. 1844. - 7?er7//)/us'u ravi iff ora Mart. 

(\ nlicnlatuiu En^l. Bot, .lahrb. 12: 522. ]H90. ~ Pontorio n iirulahi (Eiijjl.) Eyma. 

(\ rufocupn um Ducke, .\rch. lust. Biol. Veg. Kio de Janeiro 2: 67. 1935. ~ Ecclinusa 
rufocuprea ( Ducke) Crompust, comb. nov. 

(\ spusihfloram Boir. Kncyc. Su{»pl. 2: 16. 1811. Xom. dub. 

(\ schomhnrykUuiata A. D(\ Prodr. 8: 157. 1844. r Pradosia EChomtourgkiana (A. DC.) 
Croiujuist, comb. nov. 

(\ aid Krause, Xotizbl. Bot. (iavt. Berl. 6: 171. 1914. = Ecclinusa Ulei (Krause) 
Gilly in herb. 

The New York Rotank al (Garden 
New York 
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THE CASE OF THE VANISHING FICUS RACEMOSA 

Mary P. Barrett 

is it possible that Ficus raecmosa, a welJ-deseribed aiul clearly illustrated 
species, disappeared after it had becji reported more than 30 times and had 
been said to be cultivated in several botanical wardens? Why, 125 years after 
its ancestral history befran, did rejiorts of it bec'ome i)ro<iressively less defi¬ 
nite? Why was the authorsliip of the name racanosa often ascribed to other 
writers and texts than to Liinnaeus, Sp. PI. ed. 1? What, if any, is the rela¬ 
tionship between F. racentosa L. and F. cilomwata lloxb.? Wliat is the 
synonymy of the si)ecies '] 

HISTORY AND CHARA(TERS OF FK’US RACKMOSA 

The development of kuowJedjre of characters of F. vaceuiosa reverses the 
usual process, since the first description of the tree is the best. Later charac¬ 
terizations added few valuable facts and some incorrect statements. This 
deterioration of information must be recoi-ded here, siiu'e it i>layed a j)art 
in the disap])earance of f\ nicouosa. 

Almost all writers on this species a^ree with Linnaeus’ (dioice of Aiiij-alu 

Bheede as the jirototype of F. raecmosa. This tree was described in detail and 

well illustrated by Rheede (1()78} under the name of Atty-alu in the text, 

AUi-alu on the plate. The text says that it ^n'ows in sandy places ( in Malabar, 

India) and is a tall tree with a very thick truid^, thick roots spreadinjr above 

and beneath the ground, Ion;.? branches with dense folia^ie, and a very milky 

latex which reddens on ex])o.sure to the air. No mention is mad(‘ of aiulal 

roots, althoujrh the ;»round roots are said to have fibrous lateral rootlets. The 

petioles are stout. The blades ai*e described as ‘‘oblon;?-round,” twice as lon<r 

# 

as wide, prradually narrowed to an apical cusp, rounded at the i)etiole, soft, 
bare, smooth, shininp: ^rreen on the upper surface and brijrht beneath, with 
A'eins arched near the mar;?in and reflexed, and with many transverse veins. 
Pijrure IB shows a typical leaf of Atfi-alu^' in which .some sic:nificant 
characters not included in the text are the lone; basal veins, the rather few 
secondary lateral veins, the lack of an inframar^inal vein, and the indistinct, 
barely suggested veinlets. 

The figs of Atty-alu ai-e ‘‘like our figs” {F. carica) in part. Many recepta¬ 
cles are clustered in the same mass, according to the text. The plate shows 
them in a leafless simple racenie growing from a lower branch which bears 
one leaf near the trunk. Some figs are almost globose and others turbinate. 
The broad apex is a little depressed around the closed mouth, and the base 

312 
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is slightly narroM'ed to a peduncle about 1 cm. long and 2-3 mm. thick. The 
height and greatest width of the receptacles measure about 3 era. The surface 
is said to be more or less hairy, and to turn from green to red. No basal bracts 
are pictured. Fruits inside the recejitacle are mentioned as “grains,” and 




Pith 1. A, uiidtM* surface of a leaf from a living? tree lalicled Ficus glomerata: 
Miami, Florida. Tlic left half .shows the appearance of the veins in a fresh leaf; the 
ri^ht half indicate.s the veining apjiarent in a dry specimen. B, copy of a leaf of Atly alu 
(Atti-alu) Rheede, Hort, Mai. 1: pi. Ah x 0.75. 


illustrated, too indefinitely, in a longitudinal drawing of the inside of the fig. 
No data on flowers are given. It is stated that the tree bears edible fruit tAVo 
or three times a year, and that its roots and figs have medicinal value. 

At the end of Rheede’s text Syen, an editor, added a Latin name: Ficus 
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malabarensis folio ohlongo, acuminato, fruciu rulgari aemulo. Syen^s poly¬ 
nomial was used by Ray (1688), with due credit to its author, as the title of 
the species; but later references to this name were connected with Ray rather 
than Syen. 

Linnaeus first mentioned the species in 1749 under the title Ficus folvis 
ovatis acutis iniegerrimis, caule arhoreo, fructu racemoso; and referred to 
Atty-alu Rheede and to Ray. Thus he modified ajul added to the leaf char¬ 
acters and emphasized the type of fruit cluster. Here it should be noted that 
racemus originally meant simply a cluster and usually was exemplified by a 
cluster of grapes. Rheede did not use the word, but illustrated what is almost 
the modern idea of a raceme. Linnaeus may have had the present com*eption 
of that term; but some later writers evidently visualized bunches of recep¬ 
tacles when they used it. 

In 1753 Linnaeus included F, raccmosa among the seven species of Ficus 
in the first edition of Species plantarum, using his polynomial of 1749 as 
description and citing Rheede and Ray. Here and in the next two editions of 
the book the name given by Rheede is spelled Altipalu, Prom this time 
through 1820 most writers on F, raccmosa listed Affy-ulu as a synonym, and 
almost all, except those editing or commenting on Rheede\ text, miss])elled 
the name as Linnaeus’s j)rinter had done, thus indirectly confessing that 
they were unfamiliar with its source. In 1822 Hamilton called attention to 
the incorrect orthography, but allocated Afty-alu to F, glomerata. Most later 
writers followed Harniltoirs (‘orrection, although not his synonymy. 

In the second and third editions of Species jdantarum Linnaeus added 
Grossularia clomcsiica Rumph. as a synonym of F. racemosa. This specdes has 
not been definitely identified, but Merrill (1917) has thought that it is F, 
frematocarpa Miq. or F, descaincana Miq. The very f)oor plates illustrating 
it show' an excavated trunk such as is made by epiphytic roots, aerial roots 
from the branches, leaves like those of Atiy-alu, but without distinct basal 
veins, and axillary figs on leafy twigs: all characters not found in F, race¬ 
mosa, But Grossularia domesiica continued to be cited under that s]>ecies 
and may be the reason why the second rather than the first edition of Species 
planiarum often has been stated as the source of F. racemosa. 

Editions 12 and 13 (1767, 1770) of Linnaeuses Systema uaiurac con¬ 
tained the additional and significant statement that the tree had impressed- 
punctate leaves sprinkled with wliite points. The characterization in these 
books was used also in editions 13, 14, and 15 (1774, 1784, and 1797, 1798) 
of Systema vegetahiliuni and was quoted by several later writers. However, 
Gmelin’s revised 13th edition (1791) of Systema naturae, and Turton’s 
English edition (1806) of Grnelin’s work described the tree as having erect 
branches, elliptical-oblong leaves which wwe glabrous, and pale on the under 
surface, and pedunculate receptacles: characters evidently drawm from 
Thunberg (1786, see below). 
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Up to 1806 very few reports since Rheede^s showed evidence of actual 
observation of F. ravcmosa, or indicated locations other than India or the 
East Indies. But Philip Miller, who later was said to have cultivated it in 
England in 1759, spoke of it in his Gardeaer^s dicfionary of that date under 
the polynomial j^iveji by Linnaeus in 1749, sayinji; that it was a tree 25 ft. 
hi^h, with many branches, oval-pointed, * ‘ lucid jrreen, smooth leaves, and 
small inedible '‘fruits" in clusters from the sides of the branches. In the 1768 
edition of his work lie inserted the word Racemosa after Ficus in the title. 
Aiton (1789) included F, raccniosa in his book on Kew Gardens and referred 
to Miller (1759). Aiton drew his description of this actual plant from Lin¬ 
naeus (1784), and called it the Red-Avooded Pi<r Tree. Martyn's edition 
(1S07) of Miller's text shows less evidence of first-hand acquaintance, for 
he quotes Thiinber<r (1786) almost word for word, with the addition of 
“points’' from Linnaeus (1784). The second edition of Aiton's work (1813) 
changed the previous description of F. racemosa to one made by Willdenow 
(1806), and called the tree the Cluster Pi^. Thunber^^ (1786) compiled, at 
some len^»‘th, descrijitions apparently taken from eye-witnesses. He added to 
the characters listed above under Gmelin the statements that the branches 
were ferruginous, the tAvijjrs scattered and short, the leaves 2.5-7.5 cm. or 
more in lenj^th, on petioles 2.5 and 5 cm. lon^, and the %s the size of a plum. 
Neither he nor Miller mentioned “points.” 

Lamarck (1788) made a detailed, but confusinji: summary of the species, 
first (luotin^ the Linnean description in the SysUma and his references, 
including!: Afhf-alu/^ and then characterizing^ var. (3 as havinj*’ narrow 
laiK'eolate leaves. He cited two references for the variety, which he said was 
the Atii of the Indians. Neither reference belongs to this plant, if it is related 
to F. racemi^sa, Pinally Lamarck described Avhat apparently was intended 
for the type, but, as Hamilton (1822) pointed out, resembled Grossularia 
domesfica. Altlioujrh he added that youn«' trees jirew in the (Preneh) Royal 
Gardens his identification seems doubtful. 

Vahl (1806) described F. raennosa as havin^^ hairy twi{j:s and petioles, 
small substriately veined leaves, and ses.sile fi^^s. Althoujrh his plant seemed 
to differ from the type of F, racemosa his characterization was quoted by 
Roemer and Schultes (1817) in their edition of the ^ystema. Link (1822), 
writiiif? of the Berlin Royal Gardens, cited Vahl as the author of F. racemosa. 
Link may have referred to a tree mentioned by AVilldenow (1809) as <^row- 
iiifr in that place. Perhaps this veas the plant which Kunth (1846, 1847) 
called F. racemosa (Vahl) Willd. and said w’as a doubtful species, since 
Kunth referred to Link, 

Willdenow's edition (1806) of Species pJaniarum was the first important 
work to include both P. racenlosa and F, glomeraia Roxb. (1798). The de¬ 
scription of the former is a mixture of characters seeming^ly drawn from 
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various predecessors; including oblon<?-lanceolate leaf-blades (rather like 
those of Lamarck’s variety) and p:reeii dots (like those of Roxburgh) which 
he omits from his summary of Roxburgh's species. He referred to *^Alty- 
alu/^ and differentiated F. racemosa, the “grape-bearing fig,” from F, 
glomeraia, the “fasciculate fig,” by its smaller leaves as well as its-^racemes. 
Otherwise few differences were stated. Willdenow was referred to by most 
later writers on F. racemosa and was listed as the author of that name by 
Persoon (1807) and Graham (18^19, p. 191). Graham there reported F. race¬ 
mosa from the Konkans in western India, but merely referred to **Alty- 
alou*^ and Grossidaria domcstica. On p. 190 he asked whether F. racemosa 
Willd. and *^Atfi-alou** were synonyms of F. glomcrata Roxb., which he 
described apparently" from life, and which also grew in the Konkans. It seems 
likely that both F. racemosa and F. glomeraia of Willdenow were the s])ecies 
known as F. glomeraia Roxb. 

After 1806 reports of F. racemosa as an independent species were brief, 
partly incorrect, or suggestive of doubt as to the tree’s status. About the 
middle of the nineteenth century the name ceased to appear except rarely 
mid as a doubtful synonym. 

HISTORY OF FIOTTS GLOMERATA 

Roxburgh (1798) described this species from the Coromandel Coast of 
southeastern India. The characterization is detailed and the accompanying 
illustration is in color. 

During the next thirty years only a few writers mentioned F. glomeraia. 
Almost all of these exi'cpt Hamilton (1822) were compilers who derived their 
information from Roxburgh and so added nothing to his work. Willdenow 
(1896) probably was the first to include the species, for he was (credited by 
the editors of Roxburgh (1832) with the authorship of the name, althougli 
his description referred to Roxburgh. Willdenow is listed in several other 
texts as the author, but Roxburgh is cited by most writers. 

After 1830 reports of F. glomeraia increased in number and spread of 
distribution, and have continued to the present time. Jllusirations were made 
by Wight (1843), Brandis (1874), and others. Specimens from Roxburgh’s 
and from another collection were included under the name of F. glomeraiaf 
No. 4511 (incorrectly printed 4501) A and B, in Wallich’s catalogue (1831). 
These have been declared (^orreidly allocated by King and others. More recent 
specimens may be found in many herbaria, and living trees have been culti¬ 
vated in places far i*emoved from their original homes and of easier access. 
The result has been not only to increase the knowledge of the characters of 
the species, but to make possible the separation of several varieties (or 
forms), most of which were segregated by King (1887-1888). 

. Rafinesque (1838) placed F. glomeraia in the subgenus Siikeon, which 
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has not survived. Miquel (1848) located the species incorrectly in the genus 
Covellia (now a subgenus). Later (1867, p. 297) Miquel transferred glomer- 
ata back to FicAiti. Other synonyms will be mentioned under the alleged 
varieties. 

Two suggested but non-valid synonyms of F. glorncrata were Caprificus 
aspera latifolia Rumph. and F, vunia Hamilton. The former probably is F, 
wassa Roxb., according to Roxburgh (1832, j). 539) and Merrill (1917, p. 
193). F. cvnia is an independent .species, according to Corner (1933, p. 21) 
and others. 

Homonyms of F. glomerata have been allocated as follows; Wallich, Cat. 
no. 4511 C in part to F, savmocarpa Miq., according to King (1887-1888, p. 
181); Blanco, to F. minahassce Teysm. & De Vries, by Merrill (1923, p. 58); 
Hort. Berol. 1846, to F. frangulina Kunth and Bouche, by Kunth (1846, p. 
19) ; Hort. Buit. ex King, to F. variegafa Blurne, by King (1887-1888, p. 
169); Elmer, to F. garciac Elmer, by Elmer (1908) and Merrill (1923, p. 52). 
F. glomerata P.-Villar is doubtful, according to Merrill (1923, p. 69). 

(’IIAHACTEUS OF FK’T^S (iLOMEKATA 

The principal ('luiractei’s of F. glomerata are summarized here in order 
tliat those of F. racemosa may be checked against them. Characters are in¬ 
cluded which belong to such so-called varieties as seem to be valid. For addi¬ 
tional details of flowers and receptacles see (\)rner (1933). 

Tree, usually growing near water, to 18.5 m. high, evergreen or decidu¬ 
ous ac(‘ording to location; trunk thick, often divided near or at the base, 
sometimes buttres.sed; bark thick, smoothish, gray to reddish-brown; head 
sometiuK^s thin, branches erect and sjireading, aiudal roots small or absent; 
twigs bai’e becoming smirfy, or hairy .sometimes becoming bare; latex very 
milky ; scales of tei-minal buds scurfy or hairy, elongating somewhat with the 
opening buds, sub-persi.stent; leaves alternate or sub-opposite; membranous; 
})etiole.s 1.5-8 cm. long, pubescent to scurfy, or remaining i)ubescent; blades 
elliptical, ovate, or ovate-lam'colate, rarely obovate; 6-20x2-8 cm. in size 
(examples: 9.5x4, 13.5x6, 15 >5.5 cm.); apex gradually narrowed or 
slightly acuminate, obtuse; base rounded, or slightly and gradually nar¬ 
rowed with curved sid(»s, or cuneate and obtuse; margin entire or rarely 
indistinctly serrate near the ai)ex; surfaces glabrous or hairy, under surface 
paler than upper one. minutely dotted Avith spots which become pale and 
tubcTculate when dry; one pair of basal veins making an angle of about 
extending i to the length of the blade; 6-10 sets of lateral seimndary veins, 
making an upper angle of 50^-60*^ with the ])rimary midrib, not forking and 
uniting near margin into an inframarginal ATin, but appearing to fade aAA^ay 
in fresh leaves; in dry leaves seen to unite Avith the nearest secondary veins 
by transverse veinlets; an irregular reticulum and sometimes a checkered 
background Ausible in dry leaves; figs edible but not valuable: borne from 
tubercles on the loAver part of the trunk and the main branches, on leafless, 
crooked, thick, long or short, jointed and bracted tAvigs; appearing to form 
fasciculate clusters or compound (rarely simple) racemes; receptacles green 
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to red, downy or sometimes becoming bare, about 2-5 em. in diameter if 
almost globose, sometimes ovoid or obovoid and 2.5-5 em. lonj;, rounded at 
the apex or slifrhtly umbonate with 5-6 apical bracts which close the mouth ; 
eventually slightly depressed or truncate at the apex and usually turbinate 
or pyriform in general shape; base more or less narrowed into a stipe sepa¬ 
rated from the peduncle by a collar of 3 basal bracts, or the stipe absent and 
the basal bracts located at the base of the body of the receptacle; peduncles 
stout, 2 mm. to 2 cm. in length, bare or pubescent; male, female and gall 
flowers in the same receptacle, male flowers bearing two stamens. 

The combination of (dustered figs and diandroiis male flowers pla(*es F, 
(jlomerata in the subgen us Neomorphe. The presence of three kinds of flowers 
in the same recei)ta(de is almost unique in Neom,orphc and so is a valuable 
distinguishing feature. Other significant characters are the red figs, the ovate 
blades which vary slightly in pro})ortions but not much in shape, the long 
basal veins, the fading-away of the main lateral veins and the almost invisi¬ 
ble smaller veins in fresh leaves, and the transverse and bent veinlets and 
the pale dots in dry leaves. These leaf (diaractci-s are shown in most illus¬ 
trations of the species. See also figure 1 A. 

ALLEGED VARIETIES OF FICUS OLOMERATA 

F. glomerata. The tj^pe of F. glomerata as de.scribed and pictured by 
Koxburgh (1798) may be separated from the summary above by its petioles 
to 5 cm. long, its elliptical blades to 16x6.5 cm. in size, almost e(|ually nar¬ 
rowed at the ends, glabrous on both surfaces and bearing green dots on the 
under surface; and by its almost globose receptacles about 4 x 3.5 cm. in size, 
with a rounded apex closed by scales, and a rounded, rarely narrowed base 
separated by close braids from a peduncle to 2.5 (*m. long. The only hairiness 
mentioned by Roxburgh is the ‘‘down’^ of the re('ej)tacle. He speaks of 
‘‘racemes compound, or panicled,” but illustrates ojdy the latter type. 

The distribution of the tyincal variety is all India, including the snb- 
Himalayan states to the north; Ceylon, Burma, the Malay Ptminsula, and 
Indo-China. Writers on the.se regions and living and herbarium sj)ecimens 
add the following to Roxburgh’s characterization: ovate (although rather 
narrow) blades granulated bepeath when dry, sometimes stipitate as well as 
pedunculate receptaedes, and an immature pubescence of all ])arts which 
eventually disappears from all except the receptacles. The other mature 
parts are distinctly glabrous and some of them are scurfy. 

F, glonirrafaxar. chiitagonga, Micpiel de.scribed F. chiiiagonga from lier- 
barium specimens collected in Chittagong. Kurz (1877) characterized it 
from that region and Burma. King named it a variety of F. glouicrafa and 
located it in Chittagong and Bengal; but later (1888b) called it a “definable 
form.” As he follows this statement with a reference to var. dongata he may 
be presumed to use “form” in the sense of forma^ and not as a vague term 
of classification. Gagnepain (1928) described var. chitiagonga from Annam 
and Laos, Tndo-China. S])ecimens 3953 and 11836 of the Herbarium of the 
Paris Museum, collected in Annam and Laos respectively by the same collec¬ 
tor (Poilane) of whom Gagnepain spoke, and studied at the New York Bo¬ 
tanical Garden, are probably of chiitagonga, although labeled F, glomerata. 
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A specimen of Cornesr’s, Siii^^apore Field No. 26385, resembles No. 11886 
and may be Ihe orijrinal of his description (1983) of P. glomerata. 

From the above sources chifiagotiga apparently is characterized by an 
ovate blade, a smaller pyriform receptacle than that of the type, and a hairy 
peduncle 2-8 mm. lonjr. There is a general white-hairiness of all immature 
parts which eventually almost disappears, but which seems more pronounced 
than in the ty])e. But three specimens of F. glomerata from the Punjab, seen 
in New Y()i‘k, showed a similar white-hairiness, and one of them an ovate 
blade. A receptacle and pedumde resemblinjr tliat of No. 8953 (above) was 
found in W. Kovh 1333. 

The ('onclusion of tliis ])aper is that chittagonga is not a variety but 
mecely a white-hairy form, and that it is not confined to the re^rions men¬ 
tioned above. Cv)nse(juently its distribution has been added to those here 
<*:iven for the tyi>ica] form. 

F glomvrafa vars. mitfuclil and goolerrca. Kin<^^ (1887-1888, p. 174. pL 
31^ B) created var. migiulii, sayin^^ only that it had leaves like those of F. 
glomerata pro})er and dens(*ly white-])ubescent receptacles, and that it was 
found ill dry situations over plains of India and we^st into the Punjab. He 
^ave F. g<mler<ea Roxb. as a ])ossible synonym. His ])late shows a leaf which 
sli^ditly resembles that of the typical F, glomerata, and f*:lobose axillary fijrs. 
2.5 (*m. in diameter and bearing an erect crown of bracts at the apex. It is 
hard to imafrine how a species with only axillary receptacdes can be included 
in Neom(trphe. Later (1888b) Kin^^ omitted var. miguelii, althon«rh 

lie was writing’ of Indian species of Ficus. 

F. go(flereea was first listed by Roxburgh in 1814 and was placed under 
the headinji: of trees havina* solitary or paired receptacles. The s])ecies was 
validly described in Roxburgh, FI. Ind. 3: 588. 1882. It was said to have 
opposite, serrate, <lowny, obovate leaves; and “fruits’" in axillary pairs, 
Jon^»'-])edun(ded, nearly <>lobose, downy and with an elevated scaly margin. 
Twenty pa^es in this book separated, goolereea from F. glomerata. Althoiij^h 
this spe(des .S(‘emed to differ from Nenmarphe it was spoken of as a ‘‘defina¬ 
ble form’" by Kinj>' (1888b), as a .syiumym of F. glomeraia by a few writers, 
and as (me of the varieties of that sptvies by Domin (1921). No specimens 
have b(‘(m seem by me and the allocation appears insiifficicmtly verified by 
authorities. 

F. glomeraia var. mollis. Mupiel descrilmd this as Covellia mollis, basin" 
it (Ml a Javan specimen. At first he declared that the receptacles were axil¬ 
lary, but later (1867. ]>. 288), bavin" (examined sjiecimens from Sumatra and 
Timor lie stated that the fi"s were mostly subracemose on leafless branch(‘s. 
At this time lie transferred the spevies to Ficus and cited the herbarium 
name F. trichocarpa as a synonym. 

When Kin" made var. mollis he said only that it Avas pubescent on both 
blade surfaces and was native to Java. Later (1888b) he mentioned it as a 
“definable form.” Koorders & VaUdon (1906) accept Kind’s variety, but 
also s])eak (>f it as f)erha])s a form of var. elougatn, with which it is found in 
some stations. However, Koorders (1912) mentions var. mollis Kin", and 
the Atlas of Koorders & Valeton (1916, pi. 7S1) shows a diairram of the 
trunk of var. mollis which branches above the base, in contrast to one of var. 
elongaia Kin^‘, which divides at the base. 

A sp(a*imen seen in New York, no. 1032 of Plants of Sumatra, W. N. and 
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C. M. Ban^^ham, collectors, evidently is this variety, although labeled F. 
glomerata. The leaf has a petiole 4.3 cm. long, and a blade 15 x 5.5 cm., nar¬ 
rowed at each end, with almost equal apical and basal halves, and the typical 
veining of F, glomerata. There are about 10 sets of lateral secondary veins. 
The body of the receptacle measures about 3 x 2.5 cm., is slightly depressed 
at the apex, and is narrowed at the base into a peduncle 5 mm. long, which 
grows from a tubercle on a branched raceme. The tree, ae(*ording to the label, 
was 12 m. tall, and the fig w^as light green. But specimen no. 938 of the same 
collection and collectors had red figs. All parts are wiiite-hairy except the 
mature blades and wood. 

Domin (1921) speaks of this as F. glomerata var. mollis, and other 
WTiters cite F, mollis Miq. as a synonym of F. glomerata. 

F. glomerata var. elongata was characterized by King as having oblong, 
acute leaves 17.5 cm. long, and receptacles near F. laneeolata, but ‘'not 
ridged not w^arted.” This phrase is expressed in such f)oor English that it 
may have been mis})rinted. Perhaps it should read “ridged, not w^arted,” 
since Reorders & Valeton (]916, pi. 781) show receptacles wdiich answer 
that description. 

Koorders & Valeton (1906 and 1916) have characterized this variety, 
and have allocated to it the insufflcioitly described and long misunderstood 
F. luccsccns Blunie, and Urffsiigma lucescens (Blume) Mi(i. Var. elongata 
has long, narrow- blades like those of var. mollis, hut glabrous or becoming 
so. The petioles may reach 4 cm. in length. The globose or obovoid recepta¬ 
cles measure about 4.5 cm, in greatest diameter, have an apex closed with 
five bracts and a base narrow’ed a little to a thick [)C(luncle at least 1.5 (mi. 
long. The authors state the distribution as Java and Sumatra and assert that 
varieties mollis and elongata are the only representatives of F. glomerata in 
Java. Domin (1921) also a(*(mpts this variety. 

The position of F. vesea. Ficus vesca is an herbarium name given to an 
Australian tree by F. von Mueller, but published by Miquel. It has been used 
also by Domin (1921). 

Most Australian writers, however, have called the tree F. glomerata 
Willd., and have cited F. vesea as a synonym. Although Domin confirmed 
the connection of F. vesea with the so-called Australian F. glomerata he was 
not sure that the latter was the same as tlie Indian F. glomerata Roxb. But 
Hiern (1901) applied the authorshij) of Roxburgh to the Australian F. 
glomerata and vindicated it'by a characterization of leafless “fiowTring’’ 
twdgs from trunk and large branches, “flow^ers in racemes,’’ diaudrous male 
flowers, and the jmeseiice of both male and female flow'ers in the same re(*ep- 
tacle. The force of this last character is weakened by the statement that the 
female flow^ers all are occupied by gall insects; since it is common for male 
and gall flowers of Ficus to be found together. Nevertheless, the combination 
of other characters indicates the relationship of the Australian to the Indian 
form. 

Hiern did not refer to F. vesca, but described receptatdes of the sort 
illustrated by F. M. Bailey (1913, pi. 495). This description, taken from 
Daniel Solander’s notes, wms of a tree which had been found in New' South 
Wales in 1770 by Sir Joseph Banks and had been given the herbarium name 
of F. caudiciflora by Solander. The text which accompanied Bailey s plate 
(p. 504) listed both F. vesca and F. caudiciflora as synonyms of F. glomerata 
Willd. and referred to Hiern. 
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But vci^ca is not a synonym of F. glomerata proper, for its leaves measure 
about 15 X 6 cm., are more nearly ovate, and more frequently have a rounded 
base. Its red %s measure about 2.5-5 cm. in length. They are ovoid, obovoid, 
or oblonj?, have about 10 apical bracts, and may have a short basal stijie sepa¬ 
rated by a collar of basal bracts from a peduncle about 1 cm. lonjr. Leaves 
like those pictured by Bailey were seen by me in an Australian specimen in 
the Arnold Arboretum. There the fig was of the same shape, but had a shorter 
peduncle and no stipe. 

The distribution of vesca is Queensland, New South Wales, and the 
Northern Territory. 

COMPARISON OF CHARACTERS OF FICUS RACEMOSA AND 
FICUS GLOMERATA 

Botli distribution and the characters of the acceptable varieties of F. 
glomerata show that it is with the typical form that F. raccmoaa should be 
compared. 

Almost all characters reported for F. raeemosa are included in a descrip¬ 
tion of the type of Roxburgh’s species. Exceptions are: location in sandy 
soil I but Nehrling (1944) stated that F, glomerata in Florida grew well in 
dry soils], red color of cortex and ]at(‘x when exposed to air, the scattered 
short twigs mentioned by Thiinberg (but perha])s oinitt(‘d by other \vriters 
because they seemed unimportant or variable), the tender soft leaves (per- 
liajis the same as }aehibra}ioas)^ and the sessile figs sjioken of by Vahl (but 
corrected by Smith in 1810). Of course the most striking difference is in the 
racemose (dusters of F. raeemosa. The differences in interpretation of tliat 
adjeidive have been alri^ady mentioned. Corner’s very full description of 
rece])ta(de-bearing twigs gives some suggestion of racemes, and resea is said 
to have subra(*emos(* clusters. Ihifortunately no adecpiate descriptions of 
flowers seimi to have been published for F, raeemosa. 

Finally, a study of herbarium specimens and of living tn^es of F. glomer- 
aia has resulted in the finding of leaves (see figure 1 A) and figs, and even 
a part of a cluster whicdi ap])eared like a simple raceme; all resembling those 
of F. raeemosa. 


ADDITIONAL E\TDEN(’E FROM LITERATT'RE 

Literature furnishes evidence in addition to the characters just dis¬ 
cussed: evidence iierhaps not always (‘oiudiisive, but at least significant. 

1. Atty-aln Kheede is almost universally accepted as the basis for F. race- 
mosa. It was loc-ated on the southwest (*oast of India not too far from the 
latitude of tJie Coromandel Coast on tJie southeast. F. glomerata now has 
been reported from most sections of India, including the south and the 
Bombay region. 

2. Aity-aln, wdieii run through Corner’s key to Malayan species of 
Vovellia and Neomorphe, the two subgenera of Ficus which are characterized 
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by clusters of figs on trunks and branches, leads to F. glomerata. No other 
species there described lias its combination of size and shape of receptacle, 
and length of peduncle. 

3. Atty-alu is suggested or cited as a synonym of F, glomerata by Hamih 
ton (1822), who said that Roxburgh so considered it; by Kosteletzky (1831), 
Graham (1839), Pritzel (1855, 1866), and Balfour (1862, 1870). ^ 

4. Trimen (1885) said that Atti is a vermunilar name in Ceylon for F, 
glomerata, 

5. Very few scientists stated that they had seen F. raeeniosa L. 

6. The reports of that species in botanical gardens were unsatisfactory. 

7. F, racemosa Willd. (which, however, may not be F. racemosa L.) is 
suggested or cited as a synonym of F. glomerata by Hamilton (1822), 
Graham (1839), and Balfour (1862, 1870). 

8. F. raccmosa Aiton (1813) was said by Hamilton (1822) to be F. 
glomerata, 

9. F. racemosa Hb. Wight in Wall. Cat. ii. 4549 was said by King (1887 - 
1888, p. 173) to be F. glomerata Roxb. 

10. F, racemosa Hb. Rottler in Hb. Kew was said by King (1887“1888, 
p. 183) to be F, glomerata Willd. 

11. Reports of F, racemosa began to die out many years after F, glom¬ 
erata was first described. 


(CONCUSSIONS 

1. Evidence from descriptions of Aftg-alu Rheede, the prototype of 
Ficus racemosa L.; from descriptions and reports of F. racemosa; from 
descriptions, herbarium s])ccimen.s and observation of living trees of F, 
glomerata; and from opinions expressed in literature as to these s[)ecies 
proves that F. glomerata Roxb, belongs to the species F, racemosa L. 

2. The reasons for the disaf)pearance from botanical literatim* of F. rac(- 
mosa probably are: the s(*arcity of first-hand observation of the species, the 
emphasis in descriptions on five cluster as a raceme and the change in origi¬ 
nal meaning of racemus from a usually gra])e-like clust(*r, and the annouiu'e- 
ment of the species F. glomerata in which the fruiting cluster almost never 
was a raceme. 

3. Four varieties of F. racemosa are here recognized. Var. typica, the 
original F. glomerata, corresponds to F, racemosa L. It is native to India, 
Ceylon, and the countries east of tin* Bay of Bengal. It is (wentually an 
almost entirely glabrous tree, with ovate or ellijdieal leaf-blades. A form, 
chittagonga, is more persistently hairy. Var. vesca is native to Australia. 
It has ovate blades and ovoid or oblong, usually stipitate, figs. The varieties 
of Sumatra, Java and Timor are mollis and clou gala. They are characterized 
especially by their long narrow ellii)tical blades. The former variety is hairy; 
the latter eventually glabrous. 
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4. The a11ej?e(l varieties miquelii and (foolereca are rejected. 

5. The synonym of F. racernosa and its varieties is as follows: 

Ficus racemosa L. Sp. PI. 1060. 1753. 

Picus racemosa L. var. typica Barrett, var. now 
Atty-alu Bheedo, Hort. Mai. 1: 43. pi, 1678. 

Ficva malaharensis folio ohhmfjo^ aciimhinfo, fruvin vnltfori armuJo Syeu, in Rheede, 
Hort. Mill. 1: 44. 1678. 

FicuH foliis ovafu cwnf is inteyerriniuSy canlc arhorro, frucfv raccmoso L. Amoeii. Acad. 
1: 30. 1749. 

Ficus glomcrata Koxh. PJ. <>>roni. 2: 13. pi. 1,^S. 1798. 

Covellia (jlowcrata {Roxl».) Miq. Loud. Jour. Bot, 7: 465. 1848. 

? C. racemosa (L.) Walp. Ann. 1: 731. 1848-1849. 

F. chittagofiga Miq. Ann. Muh. Bot. Lugd.-Bat. 3: 228. 1867. 

F. glomcrata var. chiffagonga (Miq.) King, Ann. Bot. Hard. Calcutta 1: 174. pL ^19. 
1888. 

Piers racemosa var. elongata (King) Barrett, (‘onib. nov. 

F. luccsccns Blnnio, Bijdr. 444. 1825. 

Frostigma luccscrns (Bhiino) Miq. FI. Ind. 1*.* 341. 1859. 

F. glomcrata var. elongata King, Ann. Bot. Oard. Calcutta 1: 174. 1888. 

Piers RACEMOSA vav. mollis (King) Barrett, (‘omb. nov. 

Cox'fAlin mollis Mi(j. Loinl. .lour. Bot. 7: 466. 1848. 

F. mollis (Miq.) Miq, Ann. Muh. Bot. Lugd.-Bat. 3: 283. 1867. (Not Vahl.) 

F. trichocarpa ID). Muh. Paris, ox Mi(|. Ann. Muh. Bot. Lugd.-Bat. 3: 283. 1867. 

F. (flomt raid \ar. mollis King, Ann. Bot. Oard. Calcutta 1; 174. 1888. 

Piers RAt’EMosA var. vesca (Mnell. ex Mi(i.) Barrett, var. nov. 

F. vrsca Muoll. ex Miq. .four. Bot. NtVrl. 1: 243. 1861. 

F. glomcrata of Btuitliam and manv other writers on Australia. 

F. caudiciflova Solaiider MS ex Ilicni, Jour. Bot. 39: 5. 1901. 

Th<‘ Jilirary work for this painn* lias been done mostly at the New York 
Botani(‘al (larden. Herbarium speiomens liave been examined there and at 
tlii‘ Arnold Arboretum, th(‘ State Agricultural Experiment Station at 
(lainesville, Florida, ainl the Pnited States National Herbarium in Wash¬ 
ington. Living trees have been studied at the Lnited States Plant Introduc¬ 
tion Station at Pha])man Piebl, south of Poconnt (Jrove, and on the estate of 
Airs. Pliai*les T. Simpson in Aliaini, Florida. 1 am grateful for the ])ermission 
to use thes(‘ faeilities and for the help given me by those in charge of them. 
Monti’LAiu, New 4ehsey 
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STUDIES IN THE CARYOPHYLLACEAE—I 

Bassett Maguire 

To make them immediately available for use by Mr. I. W. Clokey for his 
Flora of the Charleston Mountains, the following? jiroposals of new entities 
or eombinatioiis have been extracted from more detailed papers. The fuller 
supporting considerations will appear as publication date becomes available 
for them. 

Arenaria Hliorum Mag:uire, sp. nov. Plantae aniiuae; ('aulibus tenuis, 
numerosis, 2-5 cm. altis; foliis 5-10 min. lon<»:is, triquetribus, subcrassulis, 
]-nerviis, obtusis; infloreseentibus 1-pluribus floribus; cymis non symmetri- 
calibus; sepalis 3.5-4.8 mm. longis, ovato-lanceolatis, valde 3-nerviis, stylibus 
3 (4) ; eapsulis chartaceis, ovatis, ad basim dehiscentibus; seminibus numero¬ 
sis 0.7-1.0 mm. lonjyis. 

Type: Common, grravelly beach, Navajo Lake, Iron County, Utah, July 
13, 1940, Maguire 19472. New York Botanical Garden. 

Arenaria congesta Nutt, ex Torr. & Gray var. charlestonensis Majjuire, 
var. nov. Caulibus 10-12 cm. altis; foliis 1.0-1.5 cm. altis, 0.5-0.8 mm. latis, 
reciirvatis vel aculeatis, basilaribus; infloreseentibus dense conjrestis; se])a1is 
4.5-5.5 mm. lon^is, aeutis, pun^entibus. 

Type: Harris Sprinjr Summit Road, 18 mi. south Kyle Canyon, 8500 ft., 
Charleston Mountains, Clark County, Nev^ada, August 2, 1938, Train 2256. 
New York Botanical Garden. 

Arenaria macradenia 8 . Wats, subsp. macradenia Majxuire, subsii.nov. 
A. macradenia 8. AVats. Proc. Am. Acad. 17: 367. 1882, as to type. 

Arenaria macradenia 8. Wats, subsp. macradenia Maguire var. macra¬ 
denia Map:uire, var. nov. A. macradenia 8 . AA^ats, Proc. Am. Acad. 17: 367. 
1882, as to type. A. congesta var. macradenia (S. Wats.) M. E. Jones, Proc. 
Cal. Acad. 11. 6; 626. 1895. A, Fendleri var. glabrcscens 8. AA^’ats. in Bot. 
Kinjj’s Expl. 5: 40, in part. 1871. 

Arenaria Kingii (S. AA^ats.) M. E. Jones subsp. rosea Majxuire, subsp. 
nov. Caudicibus pauciramosis; infloreseentibus strictis, paucifloribus; peta- 
lis roseis. 

Type; Hilltop, yellow pine belt, Lee Canyon, 2600 ni.. Charleston Moun¬ 
tains, Clark County, Nevada, Auiriist 4, 1935, /. W. Clokey 5560. New York 
Botanical Garden. 

The New York Botanical Garden 
New York 
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PI-ANT TAXONOMT AND FI.ORI8T1C8 
(exclusive of fungi) 

(See also under (ienetics: Love; under l*aleobotany: Bradley.) 

Anderson, J. P, Flora of Alaslsa and adjacent parts of Canada. An illustrated 
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A PHYSIOLOGICAl. AND BIOCHEMICAL BASIS FOR 
, RESEARCH ON FUNGICIDES 

David Gottlieb 

The necessary relationships between the lethal or static effects of some 
chemicals on fungi and the physiological and biochemical reactions of these 
organisms are often overlooked in the development of new fungicides. Yet a 
knowledge of these i)rocesses might furnish a rational basis for research on 
fungicides. A substance must have many specific properties to be an elBcient 
toxin for fungi and these jiroperties will vary with the commercial jiinrpose 
for which the chemical is used. Nevertheless, one primary attribute is com¬ 
mon to all fungicides no matter what their use; the chemical must be detri¬ 
mental to the fungus. Most often, this is accomplished by preventing spore 
germination, sometimes by preventing growth or by the destruction of the 
mycelium, and it is possible that occasionally the prevention of reproduction 
could check the spread of the fungi. 

Chirrent techniques for the discovery of new fungicides are mainly em¬ 
pirical and are largely a matter of trial and error. The net is spread wide in 
the seandi for new toxic compounds and almost any chemical which is avail¬ 
able is tested. Sometimes each new chemical which is produced in industrial 
laboratories is assayed for fungicidal properties as a matter of general rou¬ 
tine. At other times the direction of research is guided by the nature of an 
industry’s by-products in an attempt to find a use for such materials. Often 
the known toxic properties of chemicals toward other organisms such as bac¬ 
teria and insects determine the t^^pes of materials wdiich are synthesized. 
When a compound with good fungicidal properties is found, the efforts of 
the research group are intensified toward the production of its homologues 
and analogues, in a search for greater fungicidal power and for other prop¬ 
erties. Many such related compounds are then synthesized to discover the 
functional groups in the molecule which are responsible for its toxicity. 
Attempts have been made to correlate the structure of organic compounds 
wdth their toxicity in the hope of discovering means of predicting the toxic 
properties of a chemical. Until now this goal has not been realized and such 
relationships betAveen structure and toxicity remain unknown for the most 
part. Slight changes in a molecule often greatly alter its fungicidal proper¬ 
ties, and the combination of two toxic groups in a compound might not only 
fail to increase its toxicity, but might even decrease it. 

What are the reasons for our dependence upon purely empirical methods 
in the search for more efficient fungicides? One of these factors has been the 

m 
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paucity of information available on the physiology of the fungi. This void in 
our knowledge of the intimate life processes of the very organisms which we 
are seeking to attack has forced the investigator in the past to rely upon gen¬ 
eral protoplasmic toxins, such as the copper and mercury compounds, which 
were supposed to precipitate proteins (12) ; but even with these the nature of 
toxic activity remained a mystery. To fill the gap and allow a reasonable ap¬ 
proach to the fungicide problems, attention should be directed to the funda¬ 
mental structure and metabolic processes of the fungus. Horsfall and Zent- 
meyer (10) adopted a rational approach of this type for the study of fungicide 
activity. They determined a number of generic compounds which normally 
occur in all cells, and then tested the toxicity to fungus spores of various re¬ 
agents which are used for the analysis of these materials. These reagents were 
found to possess good fungistatic properties. A more exact knowh'dge of the 
fungus is, however, necessary to make such studies fruitful. Interest, as far as 
possible, should be centered not only on the characteristics common to all liv¬ 
ing cells, but also upon their specific modifications and biological transforma¬ 
tions within the fungus. What is sought in agricultural sprays and dusts 
are materials which injure the fungus spore while not materially affecting 
the host plant. Differences in physiology between host and pathogen are im¬ 
portant and it is upon the presence of such differences that the ideal fungi¬ 
cide, which is not injurious to the host plant, will be synthesized. 

Attention should be directed especially to the spore, if protectants against 
fungi are sought. The purpose of most fungicides is to prevent the entrance 
of the fungus into the host or the production of mycelium, by inhibiting the 
germination of the spores. Too often germination is considered merely as an 
absorption of water resulting in the dilution of the protoplasmic elements of 
the spore with a consequent swelling of the cell to produce the germ tube. 
This interpretation would be analogous to the swelling of colloidal substan(*es 
in contact with water. However, germination is a more delicate and dynami(‘ 
process. Even before any visible sign of a germ tube is evident, respiration 
takes place in the spore (15). The metabolic processes function even in this 
early stage of development and food reserves of the cell furnish energy and 
material for growth. Some spores, such as those of Scleroiinia frucHcola, 
require an external source of carbon such as dextrose or alcohol for ger¬ 
mination (13). Very low concentrations of mineral salts at times enhance 
the germination of spores, and antagonistic effects of different salts have 
been recorded. The presence of many of the physiologic processes normally 
associated with growth is thus indicated in the spore, before growth is micro¬ 
scopically evident. Specific compounds for disturbing such processes w^ould 
then be the goal of fungicide research. 

Information on the composition of the cell wall and the cell membranes, 
and on their permeabilities, could also be valuable in the synthesis of fungi- 
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cides. It would provide the data for the synthesis of organic chemicals which 
contain the proper balance of hydrophilic and hydrophobic groups, to insure 
the passage of the toxic molecules through the cell membranes and their 
arrival at the seat of specific protoplasmic activity. 

Recent investigations on the therapeutic activity of 8-quinoliiiol in the 
wilt diseases (21) indicate the importance which a knowledge of the mineral 
nutrition of the fungus can play in the treatment of diseases. When 8-quino- 
linol was added to the medium the growth of Fumrium oxysporum f. lyco- 
persici was inhibited; but when an excess of zinc was added, the FusaHum 
grew well. The explanation was proposed that the zinc is necessary for the 
growth of the fungus and that it is precipitated by the reagent, thereby 
depriving the fungus of an essential element. 

Another area of knowledge in M^hich our information of the fungi is 
limited is the vitamin requirements of these organisms and their role in the 
respiratory and metabolic mechanisms. Except for vitamin Bi and biotin 
little information is available on the fungal relationships of the other coen- 
zymes, though some studies have been (*ondueted on riboflavin. The fat- 
soluble vitamins also have been neglected. Information on the vitamins 
e^ssential to fungi, whether synthesized by the organism itself or obtained 
from its nutrients, could play an important part in furnishing valuable 
clues for the synthesis of fungicides. Altering the structure of a vitamin to 
produce analogues of that (*ompound sometimes converts the material into 
an antivitamin which inhibits the growth-promoting activity of the original 
compound. Robbins (17) showed that pyrithianiine, the pyridine analogue 
of thiamine, inhibited the growth of some fungi. The substitution of a 
dulcityl for a ribityl group in the molecule of riboflavin converts the com¬ 
pound into galactoflavin, which inhibited the growth of rats (2). Other 
analogues are known to have antivitamin properties for animals (3). Merely 
supplying an ade(iuate excess of the vitamin usually overcomes the detri¬ 
mental effects of an antivitamin (20). 8uch relationships may exist for vita¬ 
mins still unknown but peculiar to some fungi. If their presence in fungi 
were ascertained, one direction of fungiciile research could be the develop¬ 
ment of antivitamins for use as fungicides. Unpublished studies by the writer 
have indicated the absence of vitamin C in some fungi, yet this vitamin 
0(‘curs in most plants. Might not the converse of this occur and a vitamin be 
found which is essential to and manufactured by the fungus but not essen¬ 
tial to its host? Such a relationship would furnish a target at which the 
research for therapeutic agents as antivitamins could be directed. Then, if 
an inhibitor for this growth promoter was found it could be injected into 
the host and prevent the growth of the fungus while not disturbing the 
metabolism of the host plant. 

The enzyme systems of the fungi also deserve more intensive study. 



342 


BULLETIN OP THE TORREY CLUB 


[VOL. 73 


Many of the hydrolyzing enzymes have been identified but, except for the 
yeasts, information on the respiratory enzymes is very scarce. The specific¬ 
ity of enzyme poisons is very acute and such toxins can even selectively 
inhibit different respiratory enzymes in the same system. Potassium cyanide 
and sodium azide will block the activity of the cytochrome oxidases, while 
phenyl urethane and amyl alcohol inhibit the dehydrogenases (12). It is 
probable that the activity of many of our bactericides and fungicides is due 
to their ability to combine with an enzyme and so inhibit its activity. Even 
the activity of the mercury compounds, whose fungicidal properties have 
been attributed to their precipitating action upon proteins, may instead be 
specific enzyme inhibitors. An intimate investigation of the bactericidal 
effect of such compounds (4) has revealed that the toxic activity of mercury 
compounds could be prevented by the addition of the omnipresent tripeptide, 
glutathione, and indicates that mercury plays a more specific role in inter¬ 
fering with the oxidation-reduction mechanisms of the living cell than is 
sometimes considered. Hellerman, Chinard, and Dietz (8) showed that 
organic mercurials combined with the sulfhydril groups of urease and in¬ 
hibited its activity. Another mode of action of a fungicide could be its com¬ 
petition with an enzyme for some essential metabolite, or with au essential 
metabolite for an enzyme itself, as has been indicated for the bacteriostatic 
action of the sulfanamide drugs which compete with p-amino benzoic acid 
(16). Enzyme systems have a vital function in almost every life process. 
One of the most vulnerable systems and the one about which more informa¬ 
tion is available than any other is the enzymes of intermediate carbohydrate 
metabolism. This chain of degradation can be blocked at many points. In¬ 
formation of the paths of degradation of glucose in both the pathogenic 
fungi and their green host plants (and many possible paths are known) 
would indicate whether such differences could be utilized by specific enzyme 
poisons to block the respiration of the parasite and not impair the vigor of 
the host. A knowledge of tjie enzyme systems may be useful in a still differ¬ 
ent manner. Instead of hindering the activity of such systems, therapeutic 
advantage might even be obtained by promoting an enzyme proce^is (14). 

Recent developments in the field of antibiosis have indicated another 
approach to the development of fungicides which is dependent upon our 
knowledge of the biology of the organism. Some of the antibiotics, such as 
clavacin (5, 11) and gliotoxin (19) are toxic to fungi. Brian and McGowan 
(1) recently isolated a new compound from Trichoderma viride which is one 
hundred times more toxic to spores of Botrytis allii than is mercuric chlo¬ 
ride. Studies on the structure of the antibiotics to reveal the particular 
group responsible for their fungistatic activity, and their mode of action, 
could indicate types of synthetic organics which might be even more toxic 
than their naturally occurring homologues, Geiger and Conn (5), for ex- 
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ample> observed that both clavacin and penicillic acid contained an a, 3 
unsaturated ketone, a grouping which readily combines with sulfhydril 
groups. The knowledge that these antibiotics were also inactivated by cys¬ 
teine led the investigators to the hypothesis that synthetic organic chemicals 
of similar structure should be good fungicides. Several such materials were 
found, of which acrylophenone, benzalacetophenone, and fiirfuralacetophe- 
none proved effective, and also reacted 'witli sulfhydril groups. x\crylophe- 
none especially had marked fungistatic power, with an activity in the same 
order as clavacin. 

Many other physiological factors, either chemical, physical, or their 
combination in the fungi, deserve closer study. Very little is known of the 
electric charge on a spore. Studies by Seifriz and Gottlieb (18) on the 
cataphoretic behavior of spores indicated differences betw^een Rclerotinm 
fructicola and Fusarium oxijsparum f. lycoperski. Such differences might 
influence the behavior of charged organic fungicides and determine the rela¬ 
tive effectiveness of particular fungicides such as the cationic quaternary 
ammonium compounds against spores of tw^o species. The redox potentials 
in fungi have received little scrutiny, yet they are of utmost importance in 
the energy transformations of the cell. The efficiency of one fungicide, 
Spergon (tetrachloroquinone), an excellent seed treatment, has been linked 
to its oxidative properties (9). xitteiition should also be focused on the sur¬ 
face phenomena in these microorganisms and the effect on the spore of 
various reagents wliich alter surface tension. 

One of the puzzling phenomena encountered by plant pathologists is the 
specificity of fungicides. Tn the laboratory assay this si)ecificity is expressed 
as differ(mc(‘s in concentration of a chemical which is necessary to inhibit 
spore germination of different species. Often the concentration of chemicals 
required to inhibit germination of Macronporium sarcinaefontie is as much 
as sixteen time.s that required to inhibit Sclerotiriw fructicola. This phe¬ 
nomenon cannot be entirely exi)lained by the large size of the spore of the 
former compared to that of the latter, for occasionally the converse occurs 
and a great(*r concentration of another material is necessary to inhibit S. 
fruciicoln than M, sarcinaefornie. Glonurdla cingulata, with small spores, 
is relatively tolerant to hydrogen sulfide, while the larger s))ores of S, fmcfi- 
cola are very susceptible (9). Similar differential effects of protective sprays 
on two pathogens have been reported in field studies. This sometimes occurs 
even w^hen both pathogens are parasites of the same host. A recently devel¬ 
oped fungicide, zerlate (zinc dimethyldithiocarbamate), very efficiently con¬ 
trols the early blight of potatoes but is only moderately effective against late 
blight of potatoes (7). Do some fungi possess protective reactions against 
toxins, such as have been demonstrated for animal tissues? The tolerance of 
a fungus to a particular chemical could be due to its ability to oxidize, to 
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reduce, or to combine the toxicant with some normal constituent of its proto¬ 
plasm. It might thereby form an innocuous substance which can be metabo¬ 
lized or eliminated by the organism. The mammalian body makes use of all 
three protective devices; cj^clohexane is oxidized to adipic acid, quinone is 
reduced to hydroquinoue, and benzoic acid is conjugated with glycine to 
form hippuric acid (6). 

The emphasis on fundamental studies in the physiology and biochem¬ 
istry of the fungi as an aid to fungicide development is not proposed as an 
alternative method to the current empirical research. It is suggested, rather, 
as a guide for such investigations into areas of biochemical reactions which 
are concerned with the vital processes of the fungus and where the empirical 
methods could be most effectively employed. In addition, fundamental studies 
of the living organism can furnish clues on the type of organic molecule 
which effectively inhibit the biochemical reactions necessary to the life of 
the organism. Finally, such research can put plant protection on a basis of 
rational scientific principles. 

Department of Horticulture, University of Illinois 
IJrbana, Illinois 
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NOTES ON THREE SOUTH AFRICAN RUSTS 

M. J. Thirumalachar^ 

Some collections of rusts were received by the writer from the Myco- 
logical Herbarium of the Union Department of Agriculture* South Africa, 
through the kindness of Dr. A. M. Bottomley and Dr. E. M. Doidge. Before 
the material was incorporated in the writer’s herbarium a brief study of 
it revealed certain interesting features. Observations pertaining to three of 
the rusts included in the collections are presented in this paper; they refer 
either to finding of new spore forms unrecorded in the original description 
of the species, or to the identity of the rust based upon the morphology of 
the spore forms as interpreted by the w^riter. 

(1) A rust collection on Grewia monticola Sond. was sent to the writer 
tentatively identified as Ravenelia atrides Syd. (U.D.A. No. 32401). The 
type of Ravemlm atrides was collected by Pole Evans from South Africa 
on the leaves of Grewia eaffrae, and is of interest on account of the fact that 
it is the only species of Raveneilia to parasitize a member of the Tiliaceae; 
most of the other species of the genus are parasitic on Euphorbiaceae or 
Leguminosae. While an authentic specimen of K. atrides was not available 
for study, a detailed examination of the specimen sent to the wTiter revealed 
that it was not congeneric with Ravemlia and therefore warranted restudy. 
Small bits of the leaf containing the sori w^ere softened and embedded in 
paraffin, and good microtome sections were obtained. The sections w^ere 
stained with Delafield’s haematoxylin and permanent mounts wTre made. 

The uredia are minute, sparsely distributed, erumpent, and pulverulent. 
They are paraphysate, the paraphyses marginal and incurved. The uredio- 
spores are ovate-ellipsoid, cinnamon-yellow, 20-26 x 15-20 p. The ej)ispore 
is hyaline, minutely and densely verruculose with indistinct irerm pores 
(fig. 2). The telia are developed either in place of the uredia, in wdiich case 
the marginal row of paraphyses is retained, or separately, in wdiich case they 
are aparaphysate. In a young telium the teliospore mother-cells are grouped 
deep within the mesophyll tissue. These mother cells abstrict in basipetal 
succession chains of one-celled teliospores which adhere permanently both 
vertically and laterally to form a compact columnar crust. The apex of the 
teliospore head becomes expanded to form a flabelliform structure (fig. 1). 
These cushion-like heads of telia are usually single in each telium but very 

1 This paper was transmitted to the editor through the kindness of Dr. George B. 
Cummins, of Purdue University, In order to avoid long delay in publication, he has also 
cooperated in the reading of the proof and in certain minor editorial changes, 
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rarely more than one occurs in each sorus. They are approximately 130-167 p 
high, 130 to 154 p broad at the apex, and about 83-90 p broad at the base of 
the telial head. X^e mature spores are sessile, oiie-celled, developed in catena¬ 
tions in basipetal successsion, yellowish-brown, smooth and measuring 11.5- 
21 X 8-12 p. The apex of the terminal spores in the chain is thickened. In 
addition to the compact grouping of the teliospores, a thin layer of hyphal 
sheath (fig. 3) is found enveloping the telial crust which is found to impart 
rigidity and to retain the shape of the telial head. The structure of the telium 
clearly indicates that the rust is congeneric with Dmturella^ recently de¬ 
scribed by Mundkur and Kheswalla (1943). The genus is characterized by 
subepidermal paraphysate uredia, the paraphysi\s being cylindric and in¬ 
curved ; and by possessing telia which are subepidermal, erumpent, wdth 



Fjo. I. Telium of DastureJJa Grewiac. x300. Fig. 2. Urediospores of I). Grewiae, 
x600. Fig. 3. Margin of a telium of B. Grewiae showing the hyphal sheath which sur¬ 
rounds the telium. x500. Fig. 4. Teliospore head of Spumula liottomleyae, x 500. 

teliospores fascicled into large flabelliform crusts. Only two species are 
knowTi for the genus so far, both of them leaf-parasites of bamboo. From 
a study of the structure of the uredium and telium, the South African rust 
on Grcwia monfkola is doubtless a species of Dasturella, 

From a specimen collected by Chevalier on Grewia sp. near Senegal, 
Africa, Cummins (1945) has recently described Phakopsora Grewiae (Pat. 
& Har.) Cummins as the perfect stage of Undo Grewiae Pat. & Har. A 
small fragment of Doidge’s collection of the Grewia rust (No. 32401) was 
sent by the wTiter to Dr. Cummins with the writer’s remarks that it is a 
species of Dasturella, Through his kindess it was made known to the wTiter 
that the South African rust on Grewia monfkola is identical with the 
Chevalier’s collection studied by him and would therefore constitute the 
perfect stage of TJredo Grewiae Pat. & Har. It becomes clear, however, from 
the characters of the telia, that it is not a typical Phakopsora, 



348 


BULLETIN OP THE TORREY CLUB 


[VOL. 73 


In the description of the genus Dasturellay Mundkur and Kheswalla 
(1943) state that the teliospores appear not to be one-celled and catenulate 
but are continuous structures composed of 3-6 superposed cells. This indi¬ 
cates that all the cells in a vertical row are of the same maturity. However, 
a study of the type of the genus, D. divina (Syd.) Mundkur & Kheswalla, 
obtained from the Herb. Crypt. Ind. Orient., and of fresh specimens col¬ 
lected in Mysore indicated that the spores in a vertical row are of different 
maturity and that new spores are added from the base in basipetal succes¬ 
sion. Consequently the spores are one-celled and catenulate. The genus is 
distinguished from Angiopsora Mains in having an erumpent telium which 
is naked and flabelliform, as against the non-eriimpent, lenticular telial 
crust of Angiopsora, On account of the possession of the characters men¬ 
tioned above the rust on Grewia mcmtieola is placed under Dasiurella and 
a new combination I), Grewiae (Pat. & Har.) Thirumalachar is proposed. 

Dasturella Grewiae (Pat. & Har.) Thirumalachar, comb. nov. IJredo 
Grewiae Pat. & Har. Jour, de Bot. 14: 237. 1900; Phakopsora grewiae 
Cumm. Bull. Torrey Club 72: 206. 1945. 

Uredia hypophyllous, subepidernial, erumpent, pulverulent, with mar¬ 
ginal, incurved paraphyses; urediospores ovate-ellipsoid, cinnamon-yellow, 
without distinct germ pores, 20-26 x 15-20 jj; epispore about 1 ^ thick, 
minutely and densely verruculose, with indistinct germ pores, Telia devel¬ 
oping within uredia or separately, subepidermal, erumpent and soon be¬ 
coming naked, in flabelliform cushion-Uke crusts, 130-167 p high, 130- 
154 p broad at the apex, 83-90 p broad at the base; teliospores developed 
in basipetal catenations, the spores coalescing vertically and laterally to 
produce a columnar, flabelliform, cushion-like head, one-celled, sessile, 
yellowish-brown, ovate to cuboid, moderately thick-walled, smooth, 11.5- 

21 X 8-12 p. 

On the leaves of Grewia monticola Bond., Experimental Station, Kels- 
pruit, Tvl., South Africa, 2iid Aug. 1940 (U.D. No. 32401). 

In her monographic studies on the South African rusts, a rust on Albiz- 
zia versicolor was described by Doidge (1926) as Ravenelia Boitomleyae 
Doidge, based on the collections made by Dr. Bottomley near Victoria 
Falls, S. Africa. The urediospores were noticed intermixed with the telia, 
being golden-brown, globose to ellipsoid, verruculate-echinulale, 30-42 x 
25-27 p. The telia are amphigenous, black, subepidermal, erumpent, and 
pulverulent. The teliospores are in pedicellate heads composed of 4-6 
spores, the pedicels being very fragile. A portion of the type (U.D.A. 
14166) was kindly sent to the writer by Dr. A. M. Bottomley, which made 
possible a study of the rust in some detail. The telial heads are mostly 
6-spQred, of which two are in the center and four are marginal. Occasion¬ 
ally, as noticed by Doidge also, there is only a single inner spore with two 
marginal spores. Mature spores are chestnut-brown, smooth, 27-30 x 25- 
33 p. On each of the marginal spores, a single large, pendent, hyaline cyst 
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is present. These swell in water and can be clearly observed in spore 
mounts stained with a dilute solution of Gentian violet. The pedicel is sim¬ 
ple, hyaline (fig. 4), long, deciduous. The pedicel is attached directly to 
the spore and not to the fused portions of the cysts. 

The genus Spumula Mains was erected by Mains (1935) for a legumi¬ 
nous rust on CaWmidra, The genus is closely allied to Ravenelia Berk, and 
Cystomycefi Syd. but has greater afiSnity with the former than with the 
latter. Spumula is, however, differentiated from Bavenelia by the absence 
of a compound spore head with comiiound pedicel. Tt resembles Cystomyces 
in the possession of a simple pedicel, but the stipe of Cystomyces is at^ 
tached to the fused portions of the cysts and not directly to the spore as in 
Spumula, 

A similar condition prevails in the telial heads of the rust on AUnzzia 
versicolor, in which the pedicels are simple and not compound, and the 
attachment of the pedicel is directly with the spore and not with the 
fused portions of the cysts. The simple pedicel has also been figured by 
Doidge (l.c.) which clearly differentiates the rust from Ravenelia and 
secures a place for it in Spumula, proposed by Mains. Only two species 
are known in the genus .so far, Spumula quadrifida Mains^ the type of the 
genus with aecia and telia, and S, Cleynensiae Arth. & Cumin., recorded 
in the Philippines by Arthur and Cummins (1936); the latter is a hemi- 
form with uredia and telia. It is evident that the rust on Alhizzia versicolor 
is also a species of Spumula on account of the possession of the characters 
already enumerated, A new combination, Spumula Bottomleyae (Doidge) 
Thirumalaehar is proposed for its accommodation. 

Skierl^a rohusta Doidge was described by Doidge (1926) as parasitic on 
the leaves of Rhoivissus rhomhoidea from South Africa. Only telia were 
reported, the teliospoces being yellowish, lanceo-fusiform with acuminate 
apex, and adhering to form short columns 3-5 mm. in length. In the collec¬ 
tion of the rust sent to the writer (IT.D.A. No. 6628), large numbers of 
pycnia were associated with the telia, indicating that the rust is definitely 
a micro-form, the telia immediately following pycnia in development. 
Pycnia are amphigenous, minute, orange-yellow, distributed in concentric 
rings. Sections through the infected patch indicates that the pycnia are 
subepidermal in origin, broader than long, 230-320 p broad, 120-140 p 
high, with a narrow ostiole. There are no conspicuous ostiolar hvphae pro¬ 
jecting. Pycnia have been recorded also for two other species of Skkrkay 
viz. Hohvayi Arth. and crisfata (Speg.) Mains (Mains 1939). 

In conclusion the wTiter wishes to acknowledge his grateful apprecia¬ 
tion for the kindness of Dr. G. B. Cummins, Purdue University, IT. S. A., 
for the benefit of valuable suggestions, and to Drs. E. M. Doidge and A. M. 
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Bottomley, Union Department of Agriculture, South Africa, for placing 
at the disposal of the writer the valuable material. Grateful thanks are due 
to Dr, L. N, Eao, Professor of Botany, University of Mysore, for kind en¬ 
couragement. This part of the work was carried out as a research scholar 
of the University of Mysore. 

Department of Botany, Central College, 

Bangalore, India 
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THE USE OF EMBRYOLOGICAL FORMULAS IN 
PLANT TAXONOMY 

Theodor Just^ 

Cytogenetic data, especially chromosome numbers, are now regularly 
recorded in many systematic studies and have even made their way into 
floras. The same cannot be said, however, with regard to the laboriously 
accumulated information often referred to as comparative embryology 
(Schnarf 1931, Maheshwari 1945). Johansen (1945) has advanced objec¬ 
tions to such ^^an ex(tessively broad’’ application of the term embryology, 
because in many instances megasporogeny and megagametogeny for, if both 
are treated at the same time, simply megagametogeny) alone are implied 
to the exclusion of real embryogeny, which begins with syngamy. Recogniz¬ 
ing the validity of these objections, the broad use of embryology, though 
embracing actual stages of two successive generations, is perhaps justifiable 
in the light of the somewhat comparable usage of it by zoologists, the absence 
of another equally inclusive term, and the characterization of all phases of 
‘^pure^’ plant embryology given by Johansen himself (1945). 

The use of embryology sensu lat, is actually necessitated by the great 
variety of embryological phenomena described to date and the desire to 
bring these under some common heading (Schnarf 1929). As the purely 
descriptive phases of plant embryology are largely completed, even though 
many orders and families remain to be investigated, the accumulated data 
have and will continue to be variously applied in other respects. One of these 
applications is the utilization of embryological knowledge for the improve¬ 
ment of the existing classifications of angiosperms (Mauritzon J939; Schnarf 
1931, 1933, 1937). Obviously, this aim cannot be attained on the basis of a 
single embryological character, i.e., the development of the male gameto- 
phyte, but only by the simultaneous evaluation of all significant embryologi¬ 
cal features, as is usually the practice with gross morphological and other 
characters. Originally Schnarf (1933) projmsed the term ‘‘embryological 
diagram” for the entire set of important embryological characters of any 
group. This proposal of utilizing as far as possible embryological diagrams 
for taxonomic purposes was recently restated by Maheshwari (1945), who 
adopted the preferable designation “embryological formula” and promptly 

1 The writer is greatly obliged to Urs. G. N. Jones, University of Illinois, and Paul 
Weatherwox, Indiana University, for their critical reading of his manuscript but ia 
especially indebted to Dr. P. Maheshwari, Dacca University, Dacca, India, for his valu¬ 
able suggestions and comments. 

a5l 
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illustrated his views with a suitable example, the Alismaceae. The embryo- 
logical formula of this family as drawn up by Maheshwari reads as follows: 

*‘ANTH.-TAP. (amoeboid); DIV. OP P.M.C. (succ.); P. (S-nucil.); 
OVULE (2.integ.; anat.); PAR. CELL (absent); E.S. {Allmm T.); END. 
{Ee. or Nn, T.); EMB. {Sag: T.).” 

‘‘Put in plain English this means that the anther tapetum is of the 
amoeboid type; the divisions of the pollen mother-cells are successive; the 
pollen grains are 3-nucleate at the time of shedding; the ovule is anatropous 
and has two integuments; no wall cell is cut otf by the primary archesporial 
cell which functions directly as the megaspore-mother-cell; the embryo-sac 
development is of the Allium type; the endosperm is t)f the Nuclear or 
Helobiales type; and the embryo is of the Sagiftaria type’^ (loc. cit., p. 32). 

Fully aware of the possibility of greater condensation Maheshwari ex¬ 
pressed the hope that a list of internationally acceptable symbols be devel¬ 
oped and used both by students of plant embryology and classification. In 
the light of the great value generally attributed to “floral formulas^^ in dis¬ 
cussions of plant relationships and in teaching plant taxonomy, the follow¬ 
ing list of symbols is tentatively proposed and their applicability demon¬ 
strated in several cases. 

Other systems of annotation proposed solely for the characterization of 
the various types of development of embryo sacs, namely those of Chiarugi, 
Radermaeher, Rutgers (.summary in Schnarf 1929), and Pagerlind (1944) 
are not incorporated here, because of their detailed nature and the lack of 
complete agreement regarding the best method of designating the known 
types of embryo sac development. They are, however, very well suited for 
the careful description of embryo sac development, notably Pagerlind^s last 
scheme. 

At present only those sets of characters are included in the following 
list whose taxonomic usefulness has by now been establi.shed beyond doubt. 
As is most likely, other chfiracters will be found in the future and suitable 
symbols for these can readily be added to the present list. The selected char¬ 
acters are those given by Schnarf (1931,1933) and amended by Maheshwari 
(1945). The designations of the types of embryo sac development follow 
Maheshwari (1941). 

T=: anther tapetum Tg = glandular Ta=: amoeboid Tp = tapefal plasmodium. 

Pfcpollen; Psi:= quadripartition of mierospore mother cell by furrowing (simultane¬ 
ous). 

Psu = quadripartition of microspore mother cell by cell plates'(succes¬ 
sive). 

/2 = two nuclei in pollen grain at time of discharge from anther, /3 - three, etc. 

Ovsovule; (Ov) =:unitegmic (one integument), ((Ov)) = bitegmic (two integu¬ 
ments) . 

Ti = integumentary tapetum. 
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Ov = integument absent, ob = obturator, 
c = crassinueellate t = tenuinueellate, 

Ov = orthotropons ^ ~ anatropous Ov = campylotropous. 

My = micropyle My/i=: formed by inner integument My/o=:by the outer integu¬ 
ment My/2 = formed by both integuments. 

Nu = nucellus Nut = integument begins near apex of nucellus Nu, =:near base. 

hy = h^Tpostase. Nu-i-=: nucellus with long beak-like process in micro- 
pyle. 

Ar = arehesporiurn one-celled At<x. - many-celled. 

0 = parietal cell absent. ! = parietal cell present. 

E8=: embryo sac E8n = normal type ESoe Oenothera type ESal = Allium type 

ESpp = Peperomia pellueida type ESj>h - Peperomia hispidula type ESg = Gun- 
nera type ESpe = Penaea type ESpy = Py rethrum type E8d = Drusa type 
E8ac = Acalypha tyi)e ESf = Fritillaria type ESpa =: Plumbagella type ESpo = 
Plumbago ty].)e ESad Adoxa type, 

8 = syngamy po = porogamy ch = chalazogamy + « long interval between pollination 
and fertilization, exceeding one week. 

E = endosperm Enu = nucl<‘ar Ece-cellular Ehe = Helobiales type Eho/iiu = Helio¬ 
biales or nuclear type. 

Eh /m = micropylar Eh/c - chalazal Eh/m + c = micropylar and chalazal endosperm 
haustoria. 

Em = embryo Emp = Piperad type Eina^Asterad type Emea = Caryophyllad type 
Ems-Solanad type Emo = Oimgrad type Emch = Chenopodiad type Pjra8ag = 
Sagittaria type.2 
su - su8i)enaor haustorium. 

Ap - apomixis. Py = ]>olyembryony. Pa = parthenogenesis. 

Using these symbols the embryological formula of the Alismaceae reads 
as follows: 

Ta, Psu/3, ((Ov) )9, ESal, Ehe/mi, Emsag. 

The floral formula (Pool 1941, p. 101) by comparison reads: 

CA^Co^S®-^P^'^ 

Pf'MoDiAch 

The species (3) of the aquatic genus Trap<] have long been considered 
members of the family Onagraccae (Oenotheraceae). When it was found 
that the development of the embryo sac in this genus follows the normal 
type and that a well developed suspensor haustorium is present, it seemed 
even more out of place than it had been for other reasons, i.e., fruit. The 
embryological formula of the separate family established for this genus, the 
Hydrocaryaceac Rairnann (Engler & Diels 1936) or Trapacccu^. (Pulle 1938), 
is as follows ; 

((Ov))e, Ar!, ESii, Bm/sii. 

The embryological formula for the Onagraceae reads: 

Tg, Ps/2, ((Ov))c, Ar!—Ar^, ESoe, Spo, Enu, Emo. 

2 Although Johansen (1945) points out that no essential differences exist in the 
embryogeny of the Bicotyledones and that of the Monocotyledones, it may be desirable 
to distinguish different types of embryo development in tliese groups, at least in view of 
the profound differences in later stages and seedling structure. 
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Obviously the life history of the Onagraceae is better known than that of the 
genus Trapa, a situation which accounts for the comparative brevity of the 
embryological formula of the genus Trapa as compared with that of the 
family Onagraceae. But it is evident that the removal of Trapa is justifiable 
on these as well as other grounds. 

The position of the family Cactaceae, OrAev Cactales according to Bes- 
sey et al., and its possible affinities have long been problematic. Hutchinson 
(1926) and Bessey (Pool 1941) placed it near the Cucurbitales, whereas 
Wettstein (1935) inserted it between the Aizoaceae and Portulacaceae, It 
must be remembered, however, that the order Oentrospermae scnsu Wett¬ 
stein includes approximately the same families as Bessey ^s order Caryophyl- 
lales except the Salicaceae. To show the differences between the Cucurbi- 
taceae and Cactaceae their respective embryological formulas have been 
determined and are herewith presented: 

Cactaceae: Tg, Psi/3, ((Ov))c, Myi, Ar!, ESn, Enu. 

Cucurbitaceae: Tg, Psi/2, ((Ov))c, Nuf, Ar!, ESn, Enu, Ap (?). 
Several important characters can not be indicated in these formulas. The 
Cactaceae have a cavity in the chalazal part of the ovule between the two 
integuments and sometimes also between the inner integument and the 
nucellus. This cavity occurs in various families belonging to ttie Ceutro- 
spermae. The Cucurbitaceae on the other hand develop a nucellus with a 
long, beak-like process extending into and often through the micropyle, here 
indicated as Nu+. The pollen tube develops characteristic haustoria which 
destroy the nueellar process in the micropyle. Morphological, anatomical, 
and chemical evidence supports the embryological similarity between the 
Cactaceae and Aizoaceae as well as other families of Centrospermae (Gibbs 
1945). 

Other instances of the applicability of embryological data in critical cases 
have been recorded and could readily be illustrated by the embryological 
formulas based on them (Mabeshwari 1945; Mauritzon 1939; ISchnarf 1933, 
1937). Notable examples are the Liliaceae in the conventional sense and their 
modern segregates, the large order Synandrae (Campanulaceae, Lobeliaceae, 
Goodeniaceae, Compositae) and many others. The accepted orders of flower¬ 
ing plants may well be delimited differently, if embryological data are ap¬ 
plied consistently, and groups which have so far not been investigated are 
studied embryologically. Therefore, the use of embryological data will be 
greatest as supplementary evidence in the improvement of our systems of 
classification, particularly with regard to the determination of the correct 
position and affinities of families and orders, whereas their application in 
purely descriptive works such as floras and manuals as well as in teaching 
elementary plant taxonomy may never prove feasible. 

Embryological data need not be accorded more recognition than other 
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taxonomically valuable characters. They do, however, deserve their rightful 
place among the others, a position they have not yet attained in the eyes of 
all botanists. 

University op Notre Dame 
Notre Dame, Indiana 
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SIERRA TACUICHAMONA—A SINALOA PLANT LOCALE 

Howard Scott Gentry 

In mid-Sinaloa Sierra Taeuicliamona stands 4000 feet or more above the 
narrow coastal plain not far from the sea (%. 1). It is volcanic in oripn 
with a hi^rh central massif of brecciated lava flanked by rather deeply dis¬ 
sected ridges in considerable intricacy. Because of its stage of ])hysiographic 
development and its structural similarity to neighboring mountains, its 
origin can be placed contemporaneously with the general foothill complex of 
northwestern Mexico, which arose at sometime in the Upper Tertiary. The 
whole is dynamically linked with the great Sierra Madre Occidental. 

The great bulk of the mountain is covered wdth a climax virgin Short-tree 
Forest, persisting through 3000 or more feet of elevation. The general 
stature of the forest dominants is 35 to 40 feet. The spacing is regular and 
in the piedmont usuallj’ allows freedom of movement without a maidiete, 
while in the higher interior gradients a machete is often necessary. This 
forest as a whole is more tropical and expansive than the Short-tree Forest 
of the Rio Mayo to the north. The greater prevalence of epiphytes and iii- 
deed the whole tropical element appear engendered by the proximity of the 
ocean wdth its moist breezes. 

Oak Forest occupies the summits and the higher slopes on tlje east in a 
rain shadow of the lee side (fig. 2). Its aspect is more arid than the Short- 
tree Forest. Oak Forest is aji open broken member occupying elevations from 
2000 to 4000 feet. Expanses of harsh-leaved grasses occur as well as numer¬ 
ous shrub populations, dispersed or in thithets. The leaf generally from 
grasses to composites is tough and scabrous and springs from a rochy shallow 
calcareous soil. 

Savanilla is limited to a small area betw^een the oaks and the Short-tree 
Forest on the north end of the mountain. This is an open formation on mild 
slopes with patches of trees and shrubs dispersed through turf-like grassland. 

Thorn Forest and Pine Forest are both lacking. There is too mucli rain¬ 
fall for the former. The lack of any appreciable highland appears to limit the 
pines to a few' small clumps near the summits. 

An interesting fauna accompanies this plant rich wilderness. Mountain 
lions and jaguars {Hones y tigres to the natives) pad through the great can¬ 
yons killing deer and cattle, and frightening men and their horses. Peccaries 
scuttle through the underbrush. Cholugos, Nasua narim, the long-nosed rela¬ 
tive of the racoon, climb cliffs and trees, getting a relatively luxurious living 
from the wealth of roots and fruits. Among the many indigenous birds are 
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parrots, chanates, and two pheasantdike birds, the chachalaca and the much 
rarer faisan/’ 

The Piedmont Forest. The plain around the west base of the mountain 
is covered with a uniform Short-tree Forest about 30 feet high. The trees are 
evenly spaced, and except for the light secondary covering of spindling 



Fig. ]. Central Sinaloa, ineluciing Sierra Taeuiehamona. 1; 250,000. 

undershrubs, one has little difficulty in walking where he pleases. In mid- 
February when we passed through, the amapa, Tahehuia palmeri, was 
through flowering, long seed-pods hung from their leafless branches. The 
most conspicuous flowers were the strong bright yellows of Casnia bifiora 
and tecmnosuche, Cochlospertnum vitifolkm, the white of confite, Lantana 
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veMina, and the yellow-orange of Lantmm horrida. Blooming then also but 
in less profusion were the euajolote, Bomhax palmeriy its huge white stamens 
standing out spread in the sun, the red-flowering vine compio, Comhretum 
farinosum, a few palo santos, Ipomoea arborescens, still weekly putting out 
their white stars, and baeari, Montanoa sp. The vegetation was still rather 
green, for, following the winter rains, many of the trees and shrubs had put 
out new leaves or had been able to hold over those they had borne in summer. 
But many were too irrevocably bound to their habit of winter defoliation to 
respond. Noting the condition of the trees and shrubs as we traveled along 
we compiled a simple table as follows: 


Responding with leaf 
Acacia cymbispina 
Croton fragilis (xeric form) 
Eaematoxylon hramletio 
Cassia biflora 
Caesalpinia plaiyloha 
C. caladenia (xeric form) 

C. eriostachys 
C, sclerocarpa (feebly) 
Acacia famesiana 
Burscra laxiflora 
Cassia emarginaia (feebly) 
Acacia cornigera 
Grataeva palmeri (feebly) 
Prosopis spp. 

Pithccolobium tort urn. 
Evphorbia aff. tresmariac 
Mimosa palmeri 
Solanum amozomum 
Malva spp. 

Chlorophora tincioria 


Holding o\’er summer leaf 
Lysiloma divaricatvm 
Pilhecolobium sonorae 
(normal) 

Co utarea latiflora 
Cordia alliodora 
Acacia pennatula 
Cassia emarginaia 
Bandia spp. (normal) 
Guasuma ulmifolia 
(feebly) 


Not responding 
Ipomoea arborescens 
Bombax palmeri 
Bombax **batoco^' 
Cochlospermnm v it Ifoli w m 
Conzattia sericca 
Tabebuia palmeri 
Tahebula ch rysan tha 
Bur sera spp. 

Marsdenia sp. 

Manihot sp. 

Pereskia sp. 

Pedilanthus rubeseens 


The Canyon Forest. Within the canyons the forest deepens and slope 
and narrow canyon bottom alike, except for arroyo beds, are bountifully 
covered with a delightful virgin forest. The axeman and bark-stripper have 
scarcely touched it, and we can suppose that this same forest has stood since 
Pleistocene times just about as it does now. Prom time to time the trail leaves 
the wash-bed of the Quebrada de llama and enters the slopes running under 
shady trees. During the summer rains when leaf is rampant the shade must 
be dense. Epiphytes are common upon the trees; orchids, TiUandsWy and a 
large coarse member of the Bromeliaceae. Lianas swing like huge, gnarled, 
and poorly twisted ropes from ground to limb, among them occasionally the 
perverted seandent form of Phonui capiiata. In places the canyon widens 
in the bottom and allows a “bottom-land” climax forest of unusual size 
and beauty. Its stature may reach 50 or 60 feet with isa, pochote, Ceiba 
acuminata, jauhuica, Bursera arborescea, manuta, Lysiloma divaricatum, 
and areyan, Psidium sartorianum, the principal dominants. Jauhuica is a 
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splendid tree branched only in the crown with its thick smooth branches 
bearing out a heavy spread of foliage mostly above the rest of the trees. 
Hecho, Pachycereus pecten-aboriginum, in such woods is successfully estab¬ 
lished, but less dominant than on the Coastal Plains, for the best it can do 
here is to elongate to something over half the general forest stature. 

The CJlifF Vegetation, On the rock outcroppings and cliffs the forest 
species still persist but thin out to make way for more xeric types, such as 
Bombax spp., Cochlospermum vitifolivm. Plumeria rubra, Agave spp., 
Ficus spp., Hechtm, and an elephantine prostrate vulgarly called *4nche 
huevos.’’ On cool shady rocks occur a new Hofmeisteria, a Dyospiros, Lysi- 
lorna watsoni, Lemaweocereus, Bursera spp', ferns, Euphorbia alf. ires- 
mariac, and a legion of others less frequently occurring. 


EAST wr 



DIAGRAMMATIC CROSS-SECTION OF SIERRA TACUICHAMONA OUTLINING VEGETATION 


Fig. 2. Diagrammatic cross section of 8ierra Tacuichamona outlining the vegetation. 

Some Dominant Colonies* Near Rancho Africa, l.ying in the western 
canyons, a few^ species of trees form nearly pure stands or at the least are 
single dominants in such areas. The MauiitaP occupies hill swales wdth a 
stature of about 40 feet with treea well spaced, the sapling straight, elongate, 
and the undershrubbery very scant. The Apoinal is a grove of magnificent 
tall slender trees, suggesting eucalyptus, about 70 feet high, branched only 
in a high crown holding heavy dark green foliage. It forms a clear open 
forest with scant undershrubbery. In the deep and usually steep-floored 
canyons these apomos, Brosimum aiicastrum, form a dense shade. In such 
gloomy rocky glades grow only a few^ species of tropical shade-tolerant spe¬ 
cies; elongated, mesophytic perennial acanthaeeous shrubs or herbs, the 
stinging Imge-leaved Prera caracasaua, tlie shrub Phenax hirUis, a few 

1 Stand of Mauuta trees, Lysiloma divaricatvm. Native idiom provides names for 
many tree colonies by adding the suffix, al (or Z). As ecologic terras they are very handy 
and can seldom be improved. 
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ferns, an entirely unexpected palm, Chamaedorea, and the attenuated 
otatillo rodillo, Chusquea liehmami, whose graceful bamboo-like stems bend 
out in ares 10 feet hiprh or trail on other plants. C. lielma/mi is here a re¬ 
markable northern extension in the previously known range of the genus. 
Epiphytic orchids are abundant on tree limbs. Often mixed wuth the apomos 
are a few other species of large trees, as juahuica, Ficus, Primus cortopico, 
and bebelama de la Sierra. 



Fig. 3. View from the summit of Sierra Tacuiehamoiia looking west to the Pacific 
Ocean, February 1941. Light patches draped on the hill summits are Oak Grassland. 


Slope Forest. Shrubbery is exceptionally prevalent upon the slopes of 
the Rancho Africa. This is partly due to the presence of abandoned milpas, 
where shrubbery forms the adventive growth, and partly to a thinning of 
forest trees upon the steep talus slopes that have little soil. Particularly 
noted was a miscellany of broad-leaved shrubs, as Montanoa patens. Lari- 
tana spp,, l/rera caracasana, Justicm salviaeflora, other acaiithaceons spp., 
and the shrub Bouvardia bouvardioides, w’hose stems when cut emitted a 
repulsive odor. But the real subdominants upon the broken lava slopes 



1940] 


GENTRY: SIERRA TACUICHAMONA 


361 


were stands of otate, Arundimria longifolkt, and under the trees Chus- 
quea liebmaniL The latter bears hooks around the prominent nodes, which 
raked across our limbs and throats. Otate forms pure stands utilizing 
larj^e areas upon the slopes and is also commonly mixed with the shrubs 
in open clumps under the trees. On the south slopes the more markedly 
droufrht-deciduoiis species prevail, with the heavy-limbed Buraera species, 
Ceiha aeunimata, Bomhax pameri, cacaiosuche, Plumeria rubra, etc. There 
is less underg:rowth. The whole formation usually continues to almost the 
full height of the mountain or to the foot of the last or hij^hest volcanic rim. 
Northern slopes are greener with more grasses and Chamaedorea commonly 
forms small clumps among the rocks in the shade. This north-slope forest 
merges more quickly with the lower vanguard of the oaks. 

Summit Vegetation. The top of the sierra is no more than a broken 
ridge sheared on every hand by high cliffs. Underbrush and large coarse 
grasses are rampant, which together wdth the broken terrain make walking 
difficult. Oaks are the prevailing trees, Avith a fcAV small patches of pines 
confined to some steep northern slopes that 1 never succeeded in reaching. 
The underbrush of tlie mountain top, partly composed of oak rejuvenations, 
is largely due to the burning of the grass by the natives in the spring dry 
season. 

Oak Forest. The dominant ty))e of leaf in the Oak Forest is harsh; 
coriaceous to scabrous. The oaks themselves, the shrubs, the grasses, and 
even many lierbs show this same character. In general throughout the Oak 
Forest of Western Mexico the scabrous leaf becomes, by its incessant repeti¬ 
tion in myriad variation through many plant families, of singular interest. 
This leaf responds slowly to winter rains, as though reluctant to risk a fcAV 
drops of guardcMl moisture in a transitory growth, when soon there is the 
long severe drought of spring to survive. There is on the whole much less 
Oak Forest on Sierra Taiuiichamona than one would expect. The south and 
wTst areas have only a little, which is confined to small mesas and hill tox>s. 
Ill-defined remnants exist upon north exposures. East of the divide or axis, 
over the lower lying liills and slopes, is the best development. A scattered 
grove of Ergthra aculfuia was observed in that area upon a southern slope, 
and Habal ranvi grow’s iiidiserimiiiately iipoji slope and cliff and in drawls. 

On the northern end of the sierra around Capadero a great deal of tlie 
oak belt is occupied by harsh-leaved grasses, dominated princii)ally by 
Muhlenbenjia emersleyi, Tripsacnm lanceolatum, and Andropogon and 
Hetcropogan species. Tripsacnm lanccolaium is most dominant upon the 
steeper slopes and the large breast-high clumps Avith cutting leaf-edges are 
serious impediments to travel. Occasionally there are stands of clumps of 
sacate aparejo, Mnhlenbergia gracilis (?). The oaks are most successful on 
the moist shady slopes and are accompanied by a A^ariety of shrubs, Avhich 
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occasionally fcwrm thickets, all, it may be repeated, with a marked tendency 
to be scabrous. Qwrcus alhocincta^ Quercus tuberculaia, Quercus chihua- 
huensiSy and a black oak with narrow shiny leaves, Quercus gentryi, make 
up the oak family. Bombax palmeri from the lower cerros persists upon the 
arid rock rims. In the canyons many of the mesic trees and shrubs march 
up above the lower oaks. Over the volcanic bedrock the soil is shallow. It is 
mixed with broken rock and litter on the slopes. On the mesas it runs to 
clay. Generally it is calcareous from the leachingrs and metamorphism of 
original limestone. 

Savanilla. Below the oaks, w^here they intergrade with Short-tree For¬ 
est trees on the north side of the mountain, is a brief expanse of Savanilla. 
This is a low group-dispersed formation with patches of shrubs and trees 
alternating with open areas of turf-like grasses, as Bouieloua eludem and 
Cathesticum species. The arborescent species are drawn from neighboring 
forest elements and make up heterogeneous mixtures, as oaks from Oak 
Forest, Lysiloma dwaricatnm and Tabebum palmeri from Short-tree For¬ 
est. Common to this locality of Savanilla were also; Mimosa palmeri^ Leniai- 
reoccreus sp., Byrsfmima crassifolia, Psidium molle, and Dodonca viscosa, 
shrub Compositae, and many others. A single plant of Fouquieria mac- 
dougali established a southern record for the species. It is a singular habitat 
with a rich flora, better exampled in other localities and will be described 
in a later paper. 
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NAJAS ARGUTA IN CENTRAL AMERICA AND ITS 
RELATIONSHIP TO N. WRIGHTIANA 

Robert T. Clausen 


Humboldt, Bonpland and Kunth (Nov. Gen. & Sp. Plant. 1: 298. 1815) 
described Najas arguta from Mompos in the drainage of the Map^dalena 
River in Colombia, South America. In their description, they mentioned that 



Fia. A. Habit sketch of Najas arguta from Chagres River at Las Guacas, Panama 
(X 1). Fig. B, Leaf of the same specimen (x 2.5). Fig. C. Staminate flower of the same 
(xlO). Fig. B. Leaf of N. Wrightiana subsp. Wrif/htiarM from Cuba (x2.5). Figs. 
A-C by Miss Elfriede Abbe and Fig. D by Miss Florence McKeel. 

the leaves are strongly toothed, but they had neither flowers nor fruits. Sub¬ 
sequently, Schumann, in Martins, Flora Brasiliensis 3(3) : 729 ^1894), de¬ 
scribed the flowers and seeds from Brazil. T have seen in the Gray Herbarium 
and at the New York Botanical Garden specimens collected from the Amazon 
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River in 1851 bj- Richard Spruce, no. 1622. This collection was cited by 
Schumann and agrees with the description of N, argnta. Also 1 have seen 
similar specimens from La Paila, Colombia, and others differing only in hav¬ 
ing narrower leaves, 0.6~0.8 mra. wdde, from the Guayaquil River in Ecuador, 
W. Jameson 544. Specimens from Cuba identified as N. arguta aie not that 
species. On the other hand, two collections from Panama are the same as 
South American N. arguta and constitute the northernmost and only known 
records for the species in Central America. P. C. Bishop collected it in Qatun 
Lake near the mouth of Gatun River, opposite Monte Lireo, on May 3, 1934. 
Lt. Harold Trapido, on April 5, 1945, collected, as no. Bl()21, many plants 
with staniinate flowers in a backwater of the Chagres River at the mouth of 
the Rio Moja Polla near Las Guaeas. According to Lt. Trapido, N. arguta is 
a dominant feature of the aquatic flora of the Chagres River and Gatun 
Lake; also it is the principal breeding place of Anopheles albimanus. Figures 
A-C, prepared from Trapido’s collection, show some of the features of iV. 
arguta. The stems are shuider and the leaves 0.8-1 mm. wide, rarely less, 
with the teeth of the margins prominent, but shorter than the width of the 
blade from the base of the teeth on one side to the base of those on the other. 
The seeds of South American specimens are 2.5 mm. long. 

The common N. guadaluperisis (Spreiig.) Magnus, which is widespread 
in tropical America, and extends northw^ards to the bays of the low^r Great 
Lakes and Lake Champlain, is readily separated from N. arguta by its almost 
entire, very finely serrulate leaves and usually smaller seeds, 1-2.2 mm. long. 
N. Wrightiana A. Br. is less easy to distinguish, though the separation (*an be 
made as shown by the following key : 

A. Seeds 2.5 mm. long; teeth of leaves much shorter than the width of the 

leaf X. aruvia. 

AA. Seeds 1-1.4 mm. long; teeth of the leaves almo.st as long as the width 

of the leaves X. Wrifihtinna 

N. 17 rightiana is knowm fronr Cuba, the coastal plain of Mexico north of 
the Isthmus of Tehuantepec, and the Yucatan Peninsula. Also it has been 
cited from South America, from Pernambuco in Brazil, but I have not seen 
specimens from there. The Yucatan population may be separated from that 
of Cuba and the Mexican coastal plain as a subspecies, though the differ¬ 
ences are of a sort that indicate close relationship. The seeds of the two popu¬ 
lations are similar, but the leaves differ ])rimarily in the number of teeth 
along the margins and in wddth. 

N. Wrightiana A. Br, siibsp. Wrightiana (R. Br.) R. T. Clausen, comb, 
nov., based on N. Wrightiana A. Br., Sitzb. Ges. Naturf. Pr. Berl. p. 17 
(1868). The distributional area of subsp. Wrightiana, as understood by me, 
is Cuba and the coastal plain of Mexico near Vera Cruz. A typical leaf from 
Cuba is showm in figure D. 
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N. Wrightiana A. Br. subsp. multidentata (Koch.) R. T. Clausen, comb, 
iiov., based on Naias multidentata Koch, Ber. Schweiz. Bot. Gesell. 44: 341 
(1935). The type locality is Forest Home,’' Piuita Gorda, British Hon¬ 
duras, at an altitude of 61 ni. The type, W. A, Schipp 991^ is in the Hcrbier 
Delessert, Conservatoire Botanique de Geneve. Isotypes are available in the 
herbarium at the New^ York Botanical Garden and at the University of Mich¬ 
igan. Other specimens of this subspecies have been collected at Uxmal, Yuca¬ 
tan, and Lake Peten in the Department of Peten, Guatemala. Plants from 
Lake Yaxha, Dept, of Peten, are more like subsp. Wrighliana and must be 
rej?arded as intermediate. 

KEY TO THE SUBSPECIES OP NAJAS WRIGHTIANA 

A, Tjcavcs with 1.5-25 teeth ou a 0.4—0.6 mm. in width. N.Wrighliana subsp. 

Wrighiiana. 

A A. Leaves with 25-40 te(*th on a mar^jin, 0.5-0.9 mm. in width. >V. Wrightiana subsp. 
m lilt i den fat a. 

I wish to express appreciation to Brother Leon of Havana, Cuba, for the 
loan of a valuable series of specimens of Naja^ from the Herbarium Savalle, 
Academia de Ciencias de la Habana, and from the Herbario del Colepfio de 
La Salle, Veda<lo-llabana. This material has j^^reatly aided my studies. 
Department of Botany, Cornell T'NIversity 
Ttiiaca, Sew York 
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NOTES ON TRIPOLIUM 

James S. Martin 

T. GYMNOCARPON Nutt. In 1880, Watson described Trifalmm phimmerae 
from northwest Nevada. He made no reference to T, gymnocarpon Nutt, 
and may not have been aware of the close relationship. According to his 
description, T. phimmerae differs from T, gymnocarpori chiefly by its small 
size. Lojacano recognized the species in 1883 and included the difference of 
pubescence in his description but he mistakenly credited the name to Lem¬ 
mon. McDermott in 1910 reduced the entity to a form of 1\ gymnocarpon 
but made her distinction the same as had Watson. No author since this time 
seems to have recognized the entity in any form. The plants in question 
cannot be properly distinguished from typical T. gymnocarpon on the basis 
of size, leaf shape, flowers, etc., but can be easily distinguished on the basis 
of leaf pubescence. Brief descriptions, synonymy, and discmssion of the two 
entities are given below. 

The species most apt to be confused wdth T, gymnocarpon is T. lemmoyiii 
Watson, which has, in fact, been confused by McDermott (No. Am. Sp. 
Trif. 194. 1910). T, gymnocarpon is usually a much smaller plant than 
T. lemmo7ii% it always has few^er flowers, and the rachis is always short, has 
but one to four distant w^horls of flowers, and is never swollen. The flowers 
are often reflexed but the curvature is all in the pedicels, the base of the 
floAver being nearly straight. T. lemmonii alw^ays has reflexed flowers and a 
part of the curvature is in the base of the flower itself, and the rachis is 
long and bears many close whorls of flow^ers. 

KEY TO THE VARIETIES OP T. GYMNOCARPON 

Leaflets all glabrous above. J. gifmnocarpon var. gymnocarpon. 

Leaflets mostly sparingly strigose above, rarely a few leaflets of the plant 

glabrous on the upper surface. T. gymnocarpon var. phimmerae, 

T. gymnocarpon Nutt. var. gymnocarpon (Nutt.) Martin, var. nov. 
T. gymnocarpon Nutt, in T. & G., f'l. N. Am. 1: 320. 1838. T. mhcaulescens 
Gray, Ives Rep. Colo. River Bot. 10. I860; type, J. S. dewberry, in pine 
forest near Ft. Defiance, Arizona, May 22, 1858 (on type sheet date given as 
May 25; Gray Herb., isotype at N. Y. Bot. Gard.). T. nemorale Greene, 
Pittonia 4: 136.1900; type, C. F. Baker 446, Los Pinos (Bayfield), Colorado, 
May 17, 1899 (isotypes at Univ. Calif. Gray Herb., Pomona Coll., N. Y. Bot. 
Gard., and New Mex. A. & M.). T, gym/nocarpon Nutt. var. subcaulescem 
(Gray) Nelson, Man. Bot. Rocky Mts., 279. 1909. 

Often subcaulescent, stems rarely up to 10 cm. long; leaflets glabrous 

366 
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and green above, sparingly to densely strigose and grey-green below. Flow¬ 
ering from April to June. 

Type: T. Nuttall, ‘‘Dry hills of the Rocky Mt. Range, near the sources 
of the Sweetwater of the Platte,’’ Wyoming (type at N. Y. Bot. Oard.; 
isotype at Gray Herb.). 

Distribution: Southern Wyoming to northern Arizona and New Mexico, 
usually on dry hills and plains, 5500 to 9000 feet elevation. 

Representative material: C. F. Baker 161^ 446; E. I), Merrill 601; A. 
Nehon 1230, 10205; /?. C, Rollins 1669; F, Tweedy 4209; S. Walsan 248, 


In the group here considered two entities have often been recognized, 
T. gymnocarpon and T. subcaulesccns. There are some slight dilferences 



Fig. 1. Distributicul of 7\ plunKKsvm: dots, T. pJumosum var. plunwmm ; triangles, 
T. plumosum var. amplifoJium. Fig. 2. Distribution of T. pymnocarpon: circles, T. 
(fymnocarpon var. yymnorarpon ; solid dots, T. pyrnnorarpou var. plummrrae ; crosses, in¬ 
termediates between tlieae two varieties. 

between these two. Plants from Wyoming (including the type of 1\ gymno¬ 
carpon) and central Utah usually have short flowers from 7.5 to 10 mm. 
long, w^hile the flow’ers of plants from Colorado, New Mexico, and Arizona 
(including the type of T, suhcaiilcseem) are mostly from 10 to 13 mm. long. 
To a slight extent, the amount of pubescence is correlated wdth the flow^er 
length. Northern plants are usually sparsely strigose, while southern plants 
are more thickly strigose, the most heavily pubescent plants being those from 
New" Mexico. However, these characters do not appear to be sufficiently 
sharp to warrant recognition for the twH) entities. 
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T. gymnocabpon Nutt. var. plummerae (Wats.) Martin, var. nov. JT. 
plummerae Watson, Bot. Calif. 2: 440. 1880. T. plummeri Lemmon ex 
Lojac. Nuov. Giorn. Bot. Ital. 15: 162. 1883, based on the same type as the 
preceding, probably not intended as a new description and erroneously 
ascribed to Lemmon. T. gymnocarpon Nutt. f. plummerae (Wats.) Mc- 
Derm. N. Am. Sp. Trif. 192. 1910. 

More usually caespitose than the typical variety; leaflets strigose and 
grey-green below, lighter green and less densely (but always noticeably) 
strigose above. Flowering in May and June. 

Type: J. G. Lemmon rf: S. A. Plummer^ Peaks above Pyramid Lake, 
Nevada, May 15,1879, elev. 6000 feet (Lemmon’s name only on labels, letter 
with type sheet says Plummer assisted wdth the collecting; type at Gray 
Herb.; isotype at ITniv. of Calif.). 

Distribution: Northeastern Oregon to Sierra County, California; Elk(^ 
and Clark Counties, Nevada; southwestern Montana and Idaho to north¬ 
eastern Utah, mostly in open areas in arid woodlands, 4800 to 9500 feet 
elevation. 

Representative material: C. C. Bru^e 7. W. Clokey 756U 7782, 

7983; C. X. Hitchcock 8832, 9470; A. Nelson 4521, 9018; JI7. Peck 2325; 
/?. H. Peebles 13956. 

The two varieties of 1\ gymnocarpon here recognized are separated on a 
character which is usually unreliable but in the present instance seems fairly 
clearly to distinguish the two groups. Most s]>ecimens of the two are either 
definitely glabrous or pubescent but in northern U^tah and southwestern 
Wyoming, where the ranges of the two overlap, there are a few plants show¬ 
ing intermediate amounts of pubescence, most leaflets on a plant being com¬ 
pletely glabrous w^hile a few" other leaflets w"ill have some hairs on the upper 
surface. 

T. PLi^MOSUM Douglas. This species 0 (*cupies a rather restricted range in 
northeastern Oregon and adjacent Washington and Idaho. The basing of 
any distinction in this genus on leaflet width alone is likely not to be taken 
too seriously. How’eA^er, the present separation is solely on that (diaracter. 
While the number of specime;is examined is not large, the difference in 
wddth of leaflets and the distinctive geographical separation on the two sides 
of the Snake River t.-anyon are thought to be sufficiently marked to merit 
some separation of the two groups of plants. 

KEY TO THE VARIETIES OF T. PLUMOSUM 

Leaflet.s of the hasal loaves 2-5 (7) mm. wide, apices slender, acuminate, 

apiculate. T. plumosum var phimomim. 

Leaflets of the basal leaves (8) 9-16 mm. wide, apices broader, acute, 

apiculate, T. plnmosum var. amplifolium, 

T. plumositm Dougl. var. plumosum (Dougl.) Martin, var. nov. T, 
plnmosum Dougl. in Hooker, PI. Bor. Am. 1: 130. 1840. 

Leaflets mostly narrowly linear, usually folded, falcate, with slender 
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acuminate apices, those of the basal leaves 2-5 (7) mm. wide, of the upper 
leaves sometimes a little wider. Flowering? in June and July. 

Type:*Z). Douglas, Blue Mountains, Oregon or Washington (not seen). 

Distribution: Walla Walla County, Washington, to XInion County, 
Oregon, on drj^ sagebrush slopes and in open pine woods, 2000 to 4000 feet 
elevation. 

Representative material: W, C. CuMck 459, 2348, 3345; D. D. Keck 3585; 
W. R, Moore 162; M, E, Peck 7710, 104SS, 17436. 

T. PLIJMOSTIM Dougl, var. amplifolium Martin, var. nov. 

Leaflets broader, elliptical, often folded and falcate, those of the basal 
leaves 8->16 mm. wide, of the upper leaves sometimes slightly narrower, 
apices acute, but not slenderly acuminate. Flowering in June and July. 

(Foliolae laliores, ellipticae, saepc complicatae et falcatae, foliolis 
foliorum inferiorum 8-16 mm. latis, foliorum superiorum aliquanOo leviter 
angustioribus; apicibus acutis, apieulatis, autem non graciliter acuminatis.) 

Type: Marcus E. Jones 6254, Salmon Meadows, Washington County, 
Idaho, June 22, 1899, elevation 4000 feet (Herb. Pomona College no. 27373; 
isotypes at XTniv. of California, Stanford I^niv., N. Y. Bot. Card., and Univ. 
of Washington). 

Distribution .* Nez Perce County to Washington County, Idaho, on dry 
sagebrush slo})es, 2000 to 5000 feet elevation. 

Representative material: A. A. Heller 3398; L. F. Henderson 2729; 
G. A\ Jones 4976; M. E. Jones, 6354; B. Maguire 17294; C. W. 8harsmith 
3619. 

Eastern New Mexico College 
T^ortales, New Mf.xu'o 
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THE EVALUATION OF SOME TAXONOMIC CHARACTERS 
OF CULTIVATED BRASSICA WITH A KEY TO 
SPECIES AND VARIETIES—II. 

THE KEY^ 

Von Gee Sun 

DISCUSSION 

The merging of Brassica pekinensi^ Rupr. with B. chmemis L. is in 
agreement with the botanical facts. Since the writer has found no hybrid 
vigor in the Fi of B. chinensis var. pandurata Sun (siao-yu-tsai) x B. pekin- 
ensis, and no distinct morphological difference between these except in the 
foliar organs, B. pekinensu may reasonably be regarded as a race closely 
related to B. chinensis. Although T.sen and Lee (1942) pointed out seven 
important characters for differentiating these two species, it is the writer’s 
opinion that most of them are of minor importance. For example, Tsen and 
Lee stated, first, that B, chinensis is biennial and B. pekinensis is annual; 
but the writer has observed in Meitan that when they are sown in the early 
fall or late summer, both become marketable in early winter and set seeds 
next spring. Secondly Tsen and Lee state that, given cool moist soil, B, 
chinensis tends to make a turnip-like root, while the root of B. pekinenuls 
is normal; according to the writer’s observation turnip-like roots are 
found only rarely in B, chinensis, being uncommon in all varieties. Thirdly, 
a few setose hairs on the ribs of B. pekinensis as compared with glabrous¬ 
ness of B. chinensis may be regarded as a minor difference, for B, chinensis 
var. pandurata also has a few setose hairs on the ribs and leaf-blade. 
Fourthly, head formation in B. pekinensis, though typical, is subject to 
environmental modification and is often artificially brought about. Tsen 
and Lee also noted in their paper that growers used to tie the outer leaves 
together with straw or other materials and bank the soil over the lower part 
of the plant in order to obtain solid heads. Fifthly, Tsen and Lee pointed 
out that B. chinensis is commonly grown in the South and B. pekinensis is 
mostly cultivated in the North. Though this statement is generally true, 
the writer has found that its cultivation is not uncommon in Chekiang, 
Szeehuang, Kweichow, and Yunnan. 

For these reasons the writer does not consider the above five points as 
taxonomically important. The only big difference between B, pekinensis 
and B. chinensis is found in their foliar organs. Tsen and Lee summarized 
the characters of B, chinensis as follows: blade large, light green to yellow¬ 
ish-green, heart leaves yellowish-white, thin, veiny, crinkled, undulate, 

1 The first part of this paper appeared in Bull. Torrey Club 73: 244-281. 
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and sometimes indistinctly and irregularly dentate, without distinct petiole 
but with a flat, whitened, long base, 2-8 (*m. wide, margined by a wide, 
thin, notched or jagged wing. The writer is in full accord with the above 
statement and would call attention further to the foliar morphology of 
Meitan siao-yu-tsai {B, chinensis var. pandurata), which, in his opinion, 
may be regarded as an intermediate race between B. chinemis and B. pekin- 
ensis. In this connection, it may be important to remind oneself of the 
general botanical principle that the characters of reproductive organs are 
more significant than those of vegetative organs. Not only is the develop¬ 
ment of the latter subject to environmental changes, but the characters of 
reproductive parts are comparatively more stable than those of other parts. 

The distinguishing characteristics of B, alba Rabenh. {Sinapis alba L.) 
should be emphasized. They are as follows: (1) number of chromosomes 
and size of pollen grains; (2) size and shape of silique; (3) number of 
seeds per silique; (4) shape and length of beak; (5) hairiness of silique 
and of the entire plant; and (6) the furrowed stem. Since in none of these 
characters does this species agree with any other species of this group, the 
writer finds it difficult to agree with those who suggest combining the two 
genera Brassica and Sinapis. The phylogenetic relation between Sinapis 
alba and the species of Brassica proper should be of great taxonomic im- 
X)ortauce. For a study of this problem interspecific crosses were made in 
J94o, Sinapis alba being used as a common parent; the writer failed to 
obtain a single true hybrid seed. 

It is (d intei’est to observe that there is a parallelism in many characters 
between B. nigra and B. jnncea, between B. nigra and B. carinaia, between 
B. oleracea and B. carinata, between B. olcracca and B. napuSf between B. 
chiiiensis and B. napus, and between B. chtnensis and B. juncea. B. nigra 
has sepals wdde-spreading and silique 4-sided and closely appressed to the 
rachis, wdiich is strongly reminiscent of those of B. juncea var. orthocarpa. 
B. carinaia has the same 4-sided silique as B. nigra, and both have a very 
short beak. The inflorescence of B, carinaia is extremely elongated and 
open at anthesis, i.e., the opened flow^ers or unopened buds are wddely 
distributed on the rachis, wiiich is the typical character of B. olcracca. 
Both B. chintnsk and B. napus have a very long beak, clasping stem-leaves, 
and corymb-like inflorescence wdth the flow^ers clustered at the top. Both 
B. chinensis and B. juncea have eoryinb-like short inflorevseiices with flowers 
clustered at the top, and small petals. 

According to the experimental results of Morinaga and U, Brassica 
naturally falls into six groups. The waiter accepted their suggestion at the 
beginning and tried to combine into a single species all varieties and species 
having the same chromosome number. After a critical examination of the 
present materials, he found this impossible. Although JB. campestri^ var. 
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ole if era and B, chinensis var. pandurata both belong to the same 10-ehromo- 
some group, it is easy to recognize most of the important differences be¬ 
tween the two races. For instance, B. canipestri^s has glaucous-green, dis¬ 
tinctly pubescent radical leaves, very small petals, a petal claw not 
abruptly constricted, and a short silique; while B, chinerisis var. pan¬ 
durata has non-glaucous light green leaves with but few setose hairs on 
the midrib or blade, petals rather large and orbicular with an abruptly 
constricted but very short claw', and a large and long silique. 

By an inspection of the varieties within these tw^o species, one can 
realize that the horticultural variation of turnip varieties within the 
European 10-chroniosome group has never betui found in China; and the 
large number of horticultural varieties within the oriental lO-ehromosome 
group, such as wui-ta-tsai and Invang-ya-tsai, has never been found in the 
western Old World. It is clear that two secondary centers of species-for¬ 
mation of the 10-chromosome BrassicO' have been differentiated by ecological 
and geographical agencies. As Vavilov wrote in 1940, after many years 
of collective studies on the most important cultivated plants, aided by 
cytologists, geneticists, physiologists, anatomists, and immunologists, we 
are coming to the concept of a Linnean species as a definite, discrete, 
dynamic system differentiated into geograpliical and ecologi('al types and 
sometimes comprising an enormous number of varieties. 

• In Gossypiuni the same principle suggests a similar taxonomic system. 
For example, both G. herhaceum L. and 0. arhoreum L. have 13 haploid 
chromosomes, but definite dissimilarities have been found between these 
tw^o species; and (/. arhoreum is distributed mostly in the eastern part of 
Asia, wdiile G. herhaceum is confined to the western part of Asia, Africa, 
and the eastern part of Europe. Both G, hirsuium L. and (7. harhademe 
L. have 26 haploid chromos<imes, but they also exhibit great dissimilarities, 
and G. hirsufum is distributed in Central and North America, wdiile G, 
harbadense is confined to the West Indies and South America. 

In accordance with the 'above statement, the writer suggests dividing 
the 10-chromosome Brassica into two geographical races, one oriental and 
the other western. The oriental race is distributed in China and Japan and 
should be knowui by the old name B, chiriensis. The distribution of the 
western race is mainly in Europe and it should be kuowm by the old name 
B. campestrk. 


KEY TO SPECIES AND VARIETIES OF BRASSICA 

A. Silique short, 1I--30 nim., the Lcok short, 2.87-3.00 mm. See A A, p, 373^ 
and AAA, p. 374, 

B. Btem and leaves of young seedlings densely pubescent, the mature 
plant prominently hispid-hairy, the inflorescence short at antbesis, 
the flowers clustered eorymbosely, the petals very small (mean length 
7.55-8.95 mm.), silique very small (mean length 11.02-11.20 mm.); 
seeds per silique 3-8 (mean 4.6~5.6). 1, B. nigra Koch. 
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BB. Plant glabrous; inflorescence' elongated at anthesis; flowers and buds 
wddely distributed on the rachis; flowers medium large, the petals 
13.75-15-97 mm. long; silique medium small (mean length 29.3-30.05 
mm.) ; seeds per silique 5-18 (mean 11.2-11.9). 2. B. carinaia Braun. 

A A. Silique long (mean length 48.55-71.4 mm.), not 4-8ided; plant glau- 
couS’blue or blue-green (varying to red in horticultural varieties); 
flowers medium to large, mean petal length 11.2-23.9 mra.; yx'tals light 
yellow, ochroleueous, cream-yellow, or rarely white, long-tapering to 
narrow bases. 

B. Inflorescence elongated at anthesis; flowers large, the mean petal 
length 20.8-23.9 mm., the sepals mostly firmly erect and not spread¬ 
ing, often sotnewhat saccate at the base; pollen small (mean length 
32.96-37.01 p,; ; beak medium short (mean length 6.9-11.3 mm.j ; 
mostly with thickened edible parts. 

C. Stem of the first year elongated. 

D. Stem branched and leafy, the leaves long-petioled, those of some 

kinds curled. 3a. B, oUracea var. arephala DC. 

DI). Stem unbranclied, the axillary buds arrested and swollen, bear¬ 
ing ill the axils little edible heads or “sprouts^' about 2.5 cm. 
ill diameter; leaves short and broad, about as broad as long, 
often with ear-like lobes at the base. 3b. B. ohracea var. gemmlft ra Zenker. 
CC. 8t.em of the first year short. 

I), Stem thickened and tuberlike above ground; leavt's relatively 
small, thinner, thosi* on the flowering stem .slender-petioled. 

3c. B. oleracea var. goftffyloidcs L. 

DD. Stem not thickened nor tuberlike. 

E, Terminal bud arrested, forming a compact head; inflorescence 
not n(»rmal!y (i(‘veloped the first year; leaves large, often 3fl 
cm. acniss, oblong-obovate to nearly circular, little if at all 
l(»bed at (In' base, the stem-leaves variously clasping, 

3d. B, oJeracra \ar. capxiata L. 

EE. Terminal bud md arrested: inflorescence partly developed the 
fir.st year. 

.E. InfJoresiMmce compressed, forming a coni[)acted mass (jf short, 
thicke-ried, colorless peduncles, jiedicels, bracts, and undevel¬ 
oped flowers; leaves long-oblong or elliptic, strongly ascend¬ 
ing. 3e. B. olfracea var, hoiryiis L. 

P’F. I nflore.sceiice not compacted, but grown for the thickened 
flower-shoots that arise from the hmf-axils, making a more 
or h'ss open and variously aborted panicle, 

3f. B. ohracea var. italicei Plenek. 

BB. Tnfloreseence short at anthe.sis, the flowers clu.stered coryinbosoly at 
the top; flowers medium large, the mean petal length 13.2-15,325 
mm., the sepals not firmly erect but rather separating from the 
petals; pollen large (mean length 39.97-42.0 p); young radical and 
heart leaves bearing a few translucent setae on the ribs. 

0. Beak long (mean length 16-17.3 mm.); root neither tuberlike nor 
thickened, mostly in the form of a straight taj)-root; radieal leaves 
long'petioled, oblong-obovate with small lobes on the lower part; 
stem-leaves oblong-lanceolate, toothed and notched but seldom 
lobed, mostly clasping. 4a. B. vapns var. old f era E. & G. 

CC. Beak medium short (mean length 11.2-11.7 min.); root large and 
tuberliko with a neck, branching more or less from the lower sides; 
radienl leaves similar to those of No. 4a; stem-leaves with a large 
terminal lolie with 1 or 2 pairs of smaller lobes at the base, and 
often leaf “fragments on the pctiole-like eonti action, commonly 
clasping. 4b. B, napiisvtiw napohrassif a (L.) Petr. 
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AAA. Silique medium to medium long (mean length 19.1-53.7 mm.) ; in¬ 
florescence short at anthesis^ the flowers corymbosely clustered at the 
top; flowers medium small, the mean petal length 7.63-13.2 mm., the 
petals yellow or cream-yellow to cream-white. 

B. Sepals separating from the petals; pollen small (mean length 32.4- 
39.92 ji) ; petals less prominently tapering; plant green, dark green, 
or light green to yellowish-green, occasionally purple, only thinly or 
not at all glaucous; leaves glabrous to more or less sparsely setose- 
hairy on the ribs or veins. 

C. Plant mostly glaucous-green, distinctly pubescent, bearing trans¬ 
lucent setae on ribs and leaf margin; cluster of radical leaves not 
greatly developed nor of long standing but spreading over the 
ground. 

D. Boot not enlarged nor tuberlike, usually shallow and branching 
and not forming a straight, developed tap-root; stem-leaves 
sessile, auriculate-clasping; basal and lower stem-leaves vari¬ 
ously lyrate toward the base, having a long terminal lobe and 
several pairs of small lobes; often known as a weed. 

5a. B. campestriff var. oleifcra E. & G. 
DD. Root characteristically large, softish, tuberlike, without neck; 
radical leaves petioled, deeply cut into small lobes at the base, 

Muth a lai'ge terminal lobe above; stem-leaves mostly denticulate, 
variously clasping but not auriculate. 5b. B. campcstris var. rapifera Metz. 
CC. Plant green, occasionally purple, mostly non-glaucous, a few slightly 
glaucous; leaves glabrous to sparsely setose-hairy on the ribs or 
veins; cluster or radical leaves often greatly developed for domestic 
uses; leaves usually entire, occasionally with a few teeth along 
the base of the midrib. 

D. Stem-leaves clasping. 

K. Radical leaves broad, light green to yellowish-green, promi¬ 
nently winged along both sides of the midrib, sparsely covered 
with setose hairs on the under side of the midrib. 

P. Radical leaves yellowish-green, crinkled, their petioles very 
broad, flat, tooth-winged; heart leaves de6eient in chloro¬ 
phyll, closely folded to form a compact head. 

6a. B. chinensia var. pekinemds (Rupr.) Sun. 
FF, Radical leaves light green or purple, neither crinkled nor 
deficient in chlorophyll, pandurate or fiddle-shaped to ob¬ 
long-ovate, sometimes the lower part of the wing lobed or 
wanting, the petioles narrow and thin. 

, 6b. B, ehinensis var. pavdurata Sun. 

EK. Radical leaves not winged, glabrous, light to dark green, occa¬ 
sionally glossy or slightly glaucous, the petioles thick, broad, 
and succulent. 

F. Radical leaves ovate to oblong-ovate, green to light green, the 
petioles wliite or greenish-white, standing upright from the 
ground. 6c. B. ehinensis var. communis T. & L. 

FF. Radical leaves numerous, well spread on the ground in a 
broad rosette 50 cm. in diameter, dark green, glaucous, 
curved outward to some extent, the blades broad-ovate or 
suborbicirlar in outline, distinctly marked with a number 
of veins, the petioles gieenish-white, scarcely bearing leaf- 
fragments. 6d. B. ehinensis var. rosidaris T. & L. 

FFF. Radical leaves shiny dark green, entire, glabrous, the 
petioles thick, broad, succulent, white or greenish-white, not 
w'inged, the blades orbicular, usually curved inward with 
a pair of small auriculate leaflets below, standing upright in 
the winter, but spreading over the ground before, anthesis; 
petals creamy white. 6e. B. ehinensis var. albiflora Sun. 
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I>D. Stem-leaves non-clasping, long and narrow, sessile, with ex¬ 
panded bas(^; radical leaves not prominently winged, long-ob- 
lanceolate, very slender, the midribs narrow and thin, the blades 
sometimes curved inward. 6f. B, chinensis var. angustifoUa Sun. 

BB. Sepals wide-spreading; pollen large (mean length 39.52-46.72 p) ; 
petals prominently tapering toward the base; plant green or light 
green to yellowish-green, occasionally purple, only thinly or not at all 
glaucous; mature leaves glabrous; young leaves glabrous to more or 
less sparsely setose-hairy on ribs or veins; sha]>c various; stem-loaves 
non-clasping. 

C. Root oblong, plump, tuberlike, more or less cylindric, broad and 
truncate at both ends, with a well marked hj^pocotyl or neck at the 
upper part, a profusion of laterals widely’ diffused at the base; 
plant glaucous-green; leaf outline various; petioles short. 

7a. B. Juncea var. meqarrliiza T. & L. 


CC. Root not tuberlike. 

D. I^wer part of the stem thickened, shortened, the nodes and the 
base of the rudimentary petioles enlarged, swollen, forming a 
nodule-like or horn like edible structure; leaves various. 

7b. B. juncea var. taatsai Mao. 

DD. Lower part of the stem neither thickened nor sliortened, no 
nodule like structure developed. 

E. Petioles of radical leaves short and stout. 

F. Radical leaves strongly de\*olo])ed, the blade large and broad, 
usually 30-00 cm. long, more or less hairy when young, 
entire, angled, or with fine teeth along the margin, almost 
sessile, the lower part of the midrib broad, attaining 7.5 
cm. or more in width, the blade obovate to oval in outline; 
upper stem-leaves oblong to lanceolate, usually sessile or 
tapering toward the base. 7c. B. junera var. rugosa Bailey. 

FF. Radical leaves strongly developed, the blade crisped, curled, 

and fringed. 7d. B. juncea var. crispifolia Bailey. 

P'FF. Radical leaves multifid into many linear or filiform lobes 
or shreds wh,ich conform to the veins. 

B. juncea var. muUisecta Bailey. 

Ef]. Petioles or midribs of the radical leave.s long, narrow, and 
thin. 

F. Radical leaves long and narrow, oblanceolate, obtuse; blarh‘s 
neither notched nor lobed but evenly dentate; very low- 
branched, 7f. B. juncea var. ohlauceolaia Sun. 

FF. Leaves linear; upper stem-leaves almost without blades; 
terminal part of the radical leaves entire, the basal ]>art 
variously notched; stem weak, branching low. 

7g. B. juncea var. liuenrifolia Sun. 
FFF. Radical leaves loiig-petioled; blades obovate to oval, 
prominently tapering toward the base, a large obtuse ter¬ 
minal lobe above and several small lobes on the lower part. 

(t. Mature silique standing away from the rachis at an angle 
of about 45°; branching medium to high. 

7h. B, juncea var. gracilis T. & L. 
GO. Mature silique erect, closely appressed to the rachis, 
forming an angle of about 15° with it; branching high 
(the lowest branch measured 90 cm. above ground). 

7i. B. j'unrea var. orlhocarpa Sun. 


summary 

A large number of morphological characters of different species of 
Brassim have been investigated and their ta-xonomic importance evaluAted. 
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Parallelism in many characters between certain species has been pointed 
out. A revised key to the species and varieties is presented. The following 
species are recognized: JB. nigra Koch, B. carinata Braun, B, oleracm L. 
(6 vars.), B. napus L. (2 vars.), B, campestris L. (2 vars.), B. chhu^nsh 
L. (6 vars.), B, juncea Coss. (9 vars.). Sinapis alba L. is not considered 
a species of Brassica, B. pekinensis Kupr. is merged with B, chinensis L. 

ADDENDUM 

In the course of typing this paper, the writer has found the paper of Sabnis and 
Phatak (1935) on the classification of cultivated Indian mustards. These authors divide 
B, jiimcea into two races based on hairiness, and divide B. campeafris also into two races 
based on the position of the silique on the rachis. Although the writer has not examined 
their material, some points should bo emphasized after an inspection of their descriptions. 
I doubt whether the silique of B, campestris var. rrectisiliquosa is as erect as that of 
B. nigra; otherwise the appressed-ailique character will not be confined to the 8- and 
18-chromosome species. Since there is no definite borderline between ])etal-claw and petal 
proper, I insist on including the claw in the length of the petal. Sabnis and Phatak deter¬ 
mined the silique length by including beak and jiedicel. Because the beak length varies in 
the different 8})ecie8 used, the results obtained by Sabiiis and Phatak fail to represent the 
true length of the silique proper. 
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TORREYA 

Book Review 

A Catalog of Illinois Algae. By Max E. Britton, i-viii, 1-177. Evanston: 
The Graduate School, Northwestern University. 1944. $3.00. 

The botanical literature of the state of Illinois has been enri<»hed })y the con¬ 
tributions of some of the most active algologists in this country. A noteworthy first 
step, largely bibliographic, in summarizing to date the knowledge of Illinois algae 
obtained from both published and unpublished data, is presented in this book. The 
literature containing algological data is conveniently divided into five grou])s based 
on the type of investigation involved: taxonomic and floristic studies, genenil 
ecological and pollution studies, studies of algae as animal food supply, monogi*aphs 
and other comx^rehensive reports, miscellaneous papers. From this literature the 
information contained in the catalog was obtained. For the most part the scheme of 
classification found in G. M. Smith’s “Freshwater Algae of the United Stales” is 
followed. The species are listed alphabetically within each grou]). Following the 
name of a species a reference is given indicating a modern authority for the 
validity of the species and furnishing a readily available means of finding modern 
descriptions and other information written, as far as possible, in the English lan¬ 
guage. There are 178 genera including 962 s})ccies, varieties and forms. 

It is stated that jdans are being made to extend this summary survey in sub¬ 
sequent reports to include descriptions, keys, illustrations and habitat analyses for 
the algal groups growing in Illinois. Algologists will look forward to these rex>orts 
with great interest.— Jerome Metznek. 

PhELD Trip Reports 

March 24. The New York Potanioal Garden. A study of three Uaes of forii 
descent was made, first from the literature available, througli the courtesy of MiSvS 
Elizabeth Hall, Librarian, and followed by an examination of fossil forms in the palco* 
botanical collection in the basement of the Museum Building. The group then journeyed 
to tlie fern house in the const^rvatory range and continued the study by examining the 
living forms there. Mr. Milton Gallub, Horticulturist in the fern house, assisted and 
answered questions about fern propagation. Attendance 28. Leader, Mrs. Gladys P. 
Anderson. 

The success of this trip has led to a suggestion for similar studies of other groups, 
particularly tropical plants during the winter months. If this sounds interesting please 
notify the field chairman and plans will be made. 

March 31. Point Pleasant, N. J. A beautiful spring day. Waterfowl scarce owing 
to their heading northward two weeks or so in advance because of mild w^eathcr. The blue- 
winged teal was the best bird of the day. Also observed were: pied-billed grebes, great 
blue heron, baldpate and scaup ducks, ospreys, coots, great black-backed, herring and 
ring-billed gulls, rusty blackbird and sharp-tailed sparrows. Total species 32. Attendance 
12. Leader, David Fables. 

April 13. Boyce Thompson Institute fob Plant Research, Yonkers, X. Y. The 
group drst visited the research project on aeration of deep cultures for citric acid pro- 
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duction. Controlled production of test flies and the testing of efficacy of substances for 
knock down and killing of flies was demonstrated. The means of testing fungicides and 
insecticides as plant sprays, and dusts were then considered. A greenhouse boated entirely 
by light, sunlight or artificial, was displayed with plants growing thriftily. The laboratory 
for research in the nature and structure of viruses had prepared a very interesting ex¬ 
hibit as had two laboratories where grow'th regulating substances are being studied. 
The tour of the laboratories endt^l in the seed research rooms. A time lapse, kodaclirome 
movie of growth, notably the development and opening of flowers, was shown in the con¬ 
ference room. Leaders, Dr. Zimmerman and Dr. Arthur. Attendance 19. 

April 14. Routhfields, N. Y. A walk over the Nuriaii and some other trails for 
lichens particularly. Over 70 species were recorded. No additional plants in flower were 
added to the list of last week. A rather copious amount of Buorbmtmia vcas observed. 
Attendance 10. Leader, G. G. Nearing. 

April 21. Winubeam Mt., Midvale, N. J., for lichens and fungi. **Only four of us 
turned out, religion getting the better of nature.” Leader, G. G. Nearing. 

April 28, Sx^rrAsuNNA, N. d. Joint outing with Mountain Lake.s Garden Club, led by 
Mrs. E. IT. Kocher. ^^Tlelonias in flower and an acre of the rare cuckoo flower, Cardamine 
praienMs.^* Attendance 22. Our leader, G. G. Nearing. 

April 28. Auixtbon Natt^re Center and Fairfield Connecticut Garden. Weather 
was cloudless, cool and ideal for walking. A list of 21 birds was compiled in exploring 5 
of the pleasant Trails provided. Eighty-seven plants wvre listed, with Shortia gaJaeifolia 
providing the thrill of the day. Wild, cultivated, and naturalized species were given eipuil 
consideration. The Fairchild Connecticut Gardens have been taken over by the adjacent 
.4udubon Nature Center and Mr. L. J. Bradley, of the C'Onnecticut Botanical Society, has 
been made Director. 11 is job for this year is to restore the- Gardens. Mr. Bradley assisted 
in conducting the trip and invited us to return at any time. 

Mr. William Schneider, Jr., has made an interesting comparison of this trip with 
that of two years ago. In 1944 the trip was on May 28, a month later. Twenty species of 
birds were listed yet the two lists have only seven spteies in common. We wonder if the 
group went out for exotics in 1944. Bine jays, crowds, and robins, missing from that list, 
are such large birds! Leader, Mrs. Henrietta Dotson. Attendance 8. 


News Note 


The privately owmed and jjrivately managed new' Desmond arboretum at Newburgh, 
New York, temporarily closed during the w'ar ])eriod, wdll from now on be open again, 
daily, free of charge, to interested visitors. 

Those washing to inspect this arboretum, which, among other attractions, has a lovely 
view of the Hudson River looking down through the Highlands of the Hudson toward West 
Point, can obtain ])ermission by writing or calling at the office of New' York State Senator 
Thomas C. Desmond, 94 Brondw’ay, Newburgh, New York, or by getting in touch with 
Arboretum Superintendent Rudolph M. Nocker. 

The arboretum, started in 1989, now' contains 499 species of trees and shrubs. Senator 
Desmond is endeavouring tp include in this arboretum all native American trees and shrubs 
which may })rove hardy in the Newburgh, New York, climate, together with some of the 
more interesting or more ornamental foreign trees and shrubs. 

l^ROCEEDINGS OF THE CLUB 

Minutes of the Meeting of Novemher 20,1945. The regular meeting of the Torrey 
Botanical Club w^as called to order by President Seaver at the Brooklyn Botanic Garden 
at 3: 40 p.m. with 8 memlxers and friends present. The minutes were approved as read. 

There was no business and the meeting was turned over to Dr. A. H. Graves who 
spoke on the Effects of an Fnusual Spring.” The speaker's abstract follows: 
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* ^ In the northeastern TJ. 8. the unusually warm early spring of 1945, followed 
by a cold wet period, lasting well into May, was the primary cause of serious 
troubles wdtli native and cultivated trees and shrubs. First, there was much winter 
killing, which we should prefer to call spring scorch.” Next, a late April frost 
killed many flowers and flow’er buds—in Massachusetts, 80-90 per cent of the 
flowers of all fruit trees were killed. Fortunately tlie New York City region and 
New Jersey escaped these killing frosts. Again, because of continued, soaking rains 
and low temperatures, there was much root suffocation, resulting in root rot. The 
symptoms of this trouble, in early May, were similar to those of spring scorch, but 
the primary cause w^as different. The Sycamore blight, induced by Onomonia vrvrta^ 
was unusually destructive, but fortunately was confined almost entirely to the native 
species— Platanun accidentalis .*' 

After discussion and questions the meeting w^as adjourned at 4: 30 for tea which w’as 
served by the Garden staff. 

Respectfully submitted, 

Frances E. Wynne, 
According Secretary 

Minutes of the Meeting of December 4, 1945. The regular meeting of the Torrey 
Botanical Club was called to order by President Seaver at Columbia TTniversity at 8: 45 
p.m. There were 35 members and friends present. The minutes W(‘re approved as read. 

The scientific program of the evening consisted of a very interesting paper by Dr. 
R. 8. deRopp, ”Grow'th of Normal and Malignant Plant Tissues in Vitro.” After con¬ 
siderable discussion, the meeting was adjourned for tea at 9: 39. 

Respectfully submitted, 

Frances E. Wynne, 
Mecording Secretary 

Minutes of the Meeting of December 19, 1946, The regular meeting of the Torrey 
Botanical Club was called to order by President Seaver at 3: 45 p.m. at the New' York 
Botanical Garden with 15 members and guests present. 

There were six persons elected to annual moinbership, one to associate membershij), 
and four resignations were accepted wdth regret. 

The scientific program of the afternoon was an illustrated paper by Dr. Aubrey W. 
Naylor, ”Problems in Nitrogen Fixation.” After discussion, the meeting adjourned for 
tea at 5: 00 p.m. 

Itespectfully submitted, 

Frances E. Wynne, 
Recording Secretary 
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Forest. 7: 37-56. Ja 1946. 

Brown, O. A. Historical commentary on the distribution of vegetation in Louisi¬ 
ana and some recent observations. Proc. La. Acad. 8: 35-47. 2 f. l> 1944. 
Calderon, S. Ac Stan[d]ley, F, C. Flora Balvadoreua; lista preliminar de plantas 
de El Salvador, ed. 2. 1—450. J port. San Salvador. 1941. 

Camp, W. H. On the use of artiheial lieat in the preparation of herbarium ajM»ci- 
mens. Bull. Torrey Club 73: 235-24.3. My 1946. 

Castellanos, I. Ajumtes sobre las algas marinas. Revista Soc. Chib. Bot. 2: 145— 
149. i^nsl. N-D 1945 11946|. 

Cedercreutz, C. Fresh water algae from Labrador. Mem. Soc. Fauna & Flora 
Fenn. 19: 216-222. / f, 13 My 1945. 

Conrad, H. S. & Hubbard, E. D. (hraii.s ruropaea and Oxali.^ striefa in Iowa. 

Proc. Iowa Acad. 61 (1944): 177-183. O 1945. 

Core, £. L, Wild flowers of the Appalachian shale barrens. Wildflower 22: 
13-18. Ja 3946. 

Cory, V. E. Genus PaUtfoxia in Texas. Rhodora 48: 84-86. 8 Ap 1946. 
Cronquist, A, Studies in the Sapotaceae—V. The South American species of 
Chry.sophyUum. Bull. Torrey Chub 73: 286-311. My 1946. 

Darllngd^on, C. E, &; A mm a l , E. K, J. Chiromosome atlas of cultivated plants. 

1-397 |1] London, G. Allen & ITnwin. 1945. New' York, Macmillan. 1946. 
Davis, B. J. Contributions tow'ard a Flora of Idaho. Mimeographed leaflets, 
serially numbered and dated, beginning Jan. 10, 1945. Herbarium Pniv. of 
Idaho, So Br., Pocatello, Idaho. 

Degener, O. Plants of Hawaii National Park illustrative of plants and customs 
of the South Seas. i-xi\ 1-312, 95 p},^45 f, + 2 maps. New York, the author. 
27 D 1945. 

Dore, W. G. Sites for club-moss prothallia in Nova Scotia. Caiiad. Field Nat. 
59: 172, 173. S-G 1945. 
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Eastwood, A, An account and list of the plants in the Brachenridge Journal. 

Calif. Hist. Soc. Quart. 24: 337-342. 1 /. D 1945. 

Erdtman, Q-. Pollen morphology and plant taxonomy. VI. On pollen and spore 
formulae. Svensk. Bot. Tids. 40: 70-76. VIT. Notes on various families. 

(Apoeynaceae-Asclepiadaceae; Canellaeeae; Crypteroriaceae, Euchryphi- 
aceae, and Saxifragaeeae; Bauera; Gonystylaceac j Hamamelidaceae; Meli- 
anthaceae.] 77-84. /. 1946. 

Ewan, J. On the occurrence of Aspleninm acUaninm-nigrum in Florida. Am. 
Fern Jour. 36: 18, 19. Ja-Mr 1946. 

Farwell, O. A. Notes on the Michigan Flora. IX. Pap. Mich. Acad. 30: 57-62. 
1944 fS 1945]. 

Fassett, N. 0. Bidens hyperhorea var. typica. Khodora 48: 82, 83. 8 Ap 1946. 
Fernald, M. L. Contributions from the Gray Herbarium of Harvard University— 
No. OLX. Technical studies of North American plants. Rhodora 48: 5-16. 
pi 993, 994. 5 Ja. 27-40. pi 995-1004. 6 F. 41-60. pi 1005-1010. 4 Mr. 
65-81. pi 1011-Um. 8 Ap 1946. 

Femald, M. L. Jlelianthuft —a correction. Rhodora 48: 112. My 1946. 

Femald, M. L. North American repre.sentatives of Aliama Plantago-aguafica. 
Rhodora 48: 86-88. 8 Ap 1946. 

Femald, M. L. Sporadic appearance of Epipaefis Jlrlkborine. Rhodora 48: 
88. 8 Ap 1946. 

Ferreyra, R. A revision of the Peruvian species of Monnina. Jour. Arnold Arb. 
27: 123-167. pi 1-10. 15 Ap 1946. 

Foster, R. 0. Studies in the Flora of Bolivia,—I. Iridaeeae, Part 1. (-ontr. 
Gray Herb. 161: 3-19. 22 Ap 1946. 

Frye, T. 0. & Clark, L. Ilepaticae of North America—Pt. TV. Univ. Wash. 
Publ. Biol. 6: 565-733. ilhisf. F 1946. 

Frye, T. C. A Duckering, M. F. Pogonalum cmivolulum. Hryologist 49: 36-40. 

20 f. Mr 1946. 

Fuller, O. D. A check list of the vascular plants of Jo Daviess County, Illinois. 
Trans. Ill, Acad. 38: 51-63. 1 Mr 1946. 

Graff, P. W. Cardamifie parriflora var. arenicoJa: a supplementary note. Cas^ 
tanea 11: 52. Mr 1946. 

Grassl, C. O. Saccharuw robnstvm and other wild relatives of ‘ ^ noblesugar 
canes. Jour. Arnold Arb. 27: 234-252. pi 1^3. 15 Ap 1946. 

Grout, A. J. Physcomifriuw haringine, n. sp. Bryologist 49: 34-36. S /. Mr 1946. 
Hanbury-Tracy, J. Expediefones en los Andes del Norte. Bob Soc. Vonez. Cien. 
Nat. 10: 121-148. 3 f. Jl-B 1945. 

Harper, F. The name of the Royal Palm IBoyntont a elala (Bartr.) Harper |. 

Proc. Biol. Soc. Wash. 59: 29, 30. 11 Mr 1946. 

Hayden, A. The spread of the perennial sow thistle in Iowa. Proc. Iowa Acad. 

61 (1944): 199-216. /. 1-S. I) 1945. 

Henrard, J, T. Notes on the nomenclature of some grasses. Blumea 3: 411-480. 

1 Mr 1940. 

Herrera, F. L. El genero Lnpimts cii el Departamento del Cusco [Perd], Bol. 

Mus. Hist. Nat. 'Mavier Prado’' 9: 75-80. 1945. 

Hernandez Xolocotzi, E. La distribucion natural de la Hcheclea Pr€us.m Burret, 
se extiende a Mexico. Rev. Soc. Mex. Hist. Nat. 6: 145-152, pi 15, 16. 

D 1945. 

Herter, G. Flora illustrada del Uruguay, 1-V. Estudios botanicos en la region 
Uruguaya XTV. i-xvi. 1-256. 1-13. /. 1-1024. Montevideo. 1939-1943. 
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[Hess, B. W.] Distribution of parana pine in Brazil. Trop. Woods 86: 9-11. 

1 map, 1 Mr 1946. 

Hess, B. W. Keys to American woods. Trop. Woods 85:* 11-19. 1 Mr 1946. 
Hodge, W. H. Notas sobre los especimeiies de Cinchona del Herbario de Kai- 
mondi. Bol. Mus. Hist. Nat. ‘^Javier Prado’’ 9: 61-75. 1945. 

Hult^n, E. Flora of Alaska and Yukon—I | Pteridophyta, Gymnospermae and 
Monoeotyledonae (Pfjyidanales and Helobiae)]. Lunds Univ. Arssk. N. F. 
Avd. TI 37: 1-127. mapa J-91 folder. 28 Ja 1941. II | Monoeotyledonae 
(Gluraiflorae, Spathiflorae) ]. 38: 128-412. mapa 92-3^6 4 f. 1942. Ill 
[Monoeotyledonae (Liliiflorae, Mierosperrnae) ; Dicotyledonae (Salieales) J. 
39: 413-567. map,y 327-44n. 1943. IV [Dicotyledonae (Myrieales, Fagales, 
Urtieales, Hantalales, Polygonales, Centrospermae, Kanales)]. 40; 568-795. 
mapn 444-614 i f. 1944. V [Dicotyledonae (Khoeadales, Sarraeeniales, 
Rosales I (Crassulaceae, Saxifragaeeae) ]. 41: 796-978. mapa 6h)-74£-{^4 f. 
1945. 

Hustich, I. ft Pettersson, B. Not(‘s on vascular plants of the east coast of New¬ 
foundland, Labrador. I. Preliminary list of plants. Mem. See. Fauna & 
Flora Fenn. 19: 192-260. 8 My 1943. 

Jacobs, D. L. A new parasitic Dinodagellate from fresh-water fish. Trans. Am. 

Phil, 8oc. 66: 1-17. 5 pL Ja (Mr] 1946. 

Jones, E. W, Notes on the bryopliyte flora of Grimsey and other parts of north 
Iceland. Bryologist 49: 14-29. /. «-/. Mr 1946. 

Jones, O. N. Lycopodium tri,siachyum in Indiana. Am. Fern Jour. 36; 17, 18. 
Ja-Mr 1946. 

Keng,Yi-Li ft Keng, Pai-Chieh. New bamboos from Szechuan Province, China. 

Jour. Wash. Acad. 36: 76-86. /. 1-3. 15 Mr 1946. 

Lakela, O. Prc'viously unrejiorted plants from Minnesota.— Poa irivialis L. 
Rhodora 48: 81, 82. 8 Ap 1946. 

Lam, H. J. Studies in phylogeny. I—On the relation of taxonomy, phylogeny and 
biogeograi>hy. IT—On the j)hyU)geny of the Malaysian Burseracear-Can- 
arieae in general and of llaplolobus in particular. Bluinea 3: 114-158. 3 
maps I /. 1938. 

Le Cointe, P, O estado do Para (Brasil). Brasiliana Ser. 5“ (Grande Formato); 
5: j~{>, 1-303. illu.'^L Co. Edit. Nacion., Sao Paulo. 1945, [pp. 186-292 deals 
with the flora. ] 

Lowry, B. J. ft Steere, W. C, A i»ropaguliferou8 form of Aidacomnium hetero- 
stichum. Bryologist 49: 30-32. 6 f. Mr 1946. 

McComb, A. L. Cinchona officitialis in the Colombian Andes. Jour. Forest. 44: 
92-97. 3 f. F 1946. 

Maguire, B. Studies in the (’aryophyllaceae—1. Bull. Torrey Club 73: 326. 
My 1946. 

Martin, J. N. The habits of tw’<» weedy grasses, Alopccurus caroliniauHS Walt, 
and Poa chapmaniana Scribn. Proc. Iowa Acad, 51 (1944): 225-228. /. 1. 
D 1945. 

MerriU, E. D. ft Perry, L. M. Plaiitae papuauae Archboldianae, XVll. Jour. 
Arnold Arb. 27: 193-233. 15 Ap 1946. 

Miller, B. C. Terhasenm phlomoidcs L. and lychnitis L. in Iowa. Proc. Iowa 
Acad. 51 (1944); 235, 236. D 1945. 

Montgomery, P. H. A botanical survey of Waterloo County, Ontario. Trans. 
Canad. Inst. 26: 217-265. O 1945. 
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Moldenke, H. N. A contribution to our knowledge of the wild and cultivated 
flora of Pennsylvania—^T. Am. Midi. Nat. 35: 289-399. Mr f Ap] 1946. 
Moxley, E. A. Moss notes from Ontario. Bryologist 49: 33, 34. Mr 1946. 

Muns, P. A, Aquilegia, the cultivated and wild columbines. Gent. Herb. 7: 
1-150. f, 1--38, 25 Mr 1946. 

Munz, P. A. Contributions toward a flora of Wyoming. Rocky Mt. Herb. (tJniv. 
Wyo., Laramie] Leaf!. 13 [Onagraceae]: l-2(b 7 7 maps. 15 Ja 1946. 
[Hehtogr.] 

Murley, M. Paspalum in Iowa. Proc. Iowa Acad. 51 (1944): 237-239. f. 1. 
D 1945. 

Murley, M. A seed key to fourteen species of Geraniaceae. Proc. Iowa Acad. 
61 (1944): 241-246. pi, 1, I) 1945. 

MutinelU, A. Tephrosia noetiflora como planta insectida. Revista Argent. 

Agron. 12: 291-314. pi 16, 17. 10 I) 1945. 

Norton, J. B. S. A Brown, B. G. A catalog of the vascular plants of Maryland. 
Castnea 11: 1-50. Mr 1945. 

Papenfuss, G. F. Proposed names for the phyla of algae. Bull. Torrey Club 
73; 217, 218. My 1946. 

Phinney, H. K. A peculiar lake sediment of algal origin. Am. Midi. Nat. 35: 
453-459. Mr [Ap] 1946. 

Pittier, H. Notas dendrologicaa de Venezuela—X. Bol. Soc. Venez. Cieu. Nat. 
10; 107-115. Jl-S 1945, 

Ponce de Ledn, A. Joyas de la flora cubana. K1 almacigo [BurHcra simaniba 
Barg. I Revista 8oc. Cub. Bot. 2: 162, 163. illust. N-D 3945 [1946], 
Porter, C. L. Contributions toward a flora of Wyoming. Rocky Mt. Herb. (Univ. 
Wyo., Laramie.] Leafl. 3 [Orchidaceae]: 1-8. 7 maptf. 19 My 1944. Leafl. 
4 [Aceracoae]: 1-5. ‘3 maps. 1 Je 1944. Leafl. 5 [Capparidaceae]: 1-2. 7 
map. 5 Je 1944, Leafl. 6 fSolanaceuej; 1-8. S maps. 15 Je 1944. Leafl. 7 
f Rhamnaceae]: 1-4. 7 map. 14 ,11 1944. {Helciogr.] 

Porter, C. L. Contributions toward a flora of Wyoming. Rocky Mt. Herb. [Univ. 
Wyo., Laramie.] Leafl. 8 [ Verbenaceac]: 1-4. 3 maps. 30 0 1944. Leafl. 9 
[Zygophyllaceae]: 1-2. 1 map. 1 Mr 1945. Leafl. 10 [Linaceae]: 1-4. ^ 
maps. 20 Mr 1945. Leafl. 11 [Elaeagnaceae]: 1-4. maps. 14 Apr 3945. 
Leafl, 12 [Apocynaceae]; 1-3. 7 map. 1 Mr 1946. \1Ielciogr.] 

Bamirez Cantu, D. Algunas plantas notables de Tepoz1l6n, Mor. fin Prwnus, 
Oreopanax, Polygala, Mimvlus]. Anal. Inst. Biol. [Mexico] 16: 353-357. 
/. 1,S. 18 F 1946. 

Bapp, W. F. A further note on Equisetnm laevigatum f. proliferum. Am. Fern 
Jour. 36: 19. Ja-Mr 1946. 

Bapp, W. F. A Bapp, J. L. C. Notes on the grasses, sedges and rushes of the 
Great Swamp (New Jersey). Bull. Torrey Club 73: 204, 205. 15 Mr 3946. 
Behder, A. Notes on some cultivated trees and shrubs, III. Jour. Arnold Arb. 
27: 169-174. 15 Ap 1946. 

Bicker, P* L. New and noteworthy Asiatic species of LtspcHeza. Am. Jour. Bot. 
32: 256-258. Ap 1946. 

Boig y Mesa, J. T, Estado actual de las plantaciones de cedro {Cedrela mexicana) 
en la Isla de Cuba. Carib. Forest. 7: 93-102. Je 1946. 

Bouleau, £* Populvs halsamifera of Linnaeus not a nomen ambiguum. Rhodora 
48: 103-110. My 1946. 

Salaman, B. N. The early European potato: its character and place of origin. 
Jour. Linn- Soc. 63: 1-27. 25 /. 28 F 1946. 
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Sayre, 0. The taxonomic rank of Grimmia alpicola. Bryologist 49: 3~7. Mr. 
1946. 

Schomherst, B. O. The mosses of Georgia—^II. The coastal plain. Bull. Torrey 
Club 73: 155-166. /. 15 Mr 1946. 

Schubert, B. O. The Hedysarmn of 8esse and Mociho. Contr. Gray Herb, 161: 
19-26. pi, 1, 2, 22 Ap 1946. 

Schweinfurth, 0. Orchidaceae peruvianae VI. Bot. Mus. Leafl. 12: 185-209. 
pi. 25^-21. 27 Mr 1946. 

Sharp, A. J. Bryological notes from Mexico. Bryologist 49: 13. Mr 1946. 
Sherff, E. E. Notes on certain plants in the Gray^s Manual range. Rhodora 48: 
89-98. pi. 1021-1024. My 1946. 

Sherff, E. E. Remarks upon certain Hawaiian Labiatae and Compositae. Bull. 
Torrey (!lub 73: 184-103. 15 Mr 1946. 

Shinners, L. H. The genus Dichaefophora A. Gray and its relationship. Wrightia 
1: 90-94. 30 Ap 1946. 

Shinners, L. H. Revision of the genus Aphanoslephus DC. Wriglitia 1: 95-121. 
30 Ap 1946. 

Shinners, I*. H. Revision of the genus Chaetopappa DC. Wrightia 1: 63-81. 
30 Ap 1946. 

Shinners, L. H. Revision of the genus Kuhnia L. Wrightia 1: 122-144. 30 Ap 
1946. 

Shinners, L. H. Revision of the genus Lcvceicne Greene. Wrightia 1: 82-89. 
30 Ap 1946. 

Smith, A. C. The principle of priority in biological nomenclature. Chron. Bot. 
9: 114-119. Autumn 1945. 

Smith, A. 0. A taxonomic review of Enpirlea. Jour. Arnold Arb. 27: 175-185. 
; /. 15 Ap 1946. 

Smith, L. B. ^Studies in the Bromeliaceae,—XIV. Contr. Gray Herb. 161: 29-^5. 
pi, 4. 22 Ap 1946. 

Smith, L. B. A Schubert, B. 0. Btudie.s in the Begoniaceae,—11 [Mexico, Central 
America]. Contr. Gray Herb. 161: 26-29. pi. 3. 22 Ap 1946. 

Sorieno, A. El genero Salsola en la Rejiublica Argentina. Revista Argent. 
Agron. 11: 233-240. /. S 1944. 

Standley, P. C. A Steyermark, J, A. Flora of Guatemala. Fieldiana: Bot. 24^: 
1-493. 11 Ap 1946. 

Steere, W. C. Syrrlwpodon a new 8j)ecies from Trinidad. Bryolo¬ 

gist 49: 8-10. 7 f. Mr 1946. 

Stevens, O. A. Botanical visits to Forts (lark, Mandan and Union in North 
Dakota. Rhodora 48: 98-103. pi. 1025, 1026. My 3946. 

Stevens, O. A. Size, shape and number of Aalrapahifi caryocarpus fruits. Rho¬ 
dora 48: 111. My 1946. 

Sun, Von 0ee, The evaluation of taxonomic characters of the cultivated Braimca 
with a key to species and varieties—^I. The characters. Bull. Torrey Club 
73: 244-281. f. 1-13. My 1946. 

Taft, 0. F. Some Oedogoniaceae and Zygnemataceae from Texas and Louisiana. 

Trans. Am. Micr. Soc. 66: 18-26. J pi. 3a [Mr] 1946. 

Tharp, B. 0. A Baricley, F. A. Noteworthy plants of Texas— ^V. Additional Vsor- 
aleae. Bull. Torrey Club 73: 131-133. 15 Mr 1946. 

Thivy, P. A perforating species of EciocJiaeta (Huber) Wille from the GaMpa- 
gos Islands. Pap. Mich. Acad. 30: 149-154. pi. 1. 1944. [8 1945]. 

Tseng, Cheng Kwei. New and unrecorded marine algae of Hong Kong. Pap. 
Mich. Acad. 30: 157-172. pi. 1, 2. 1944 [S 1945]. 
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Verdoom, I. C. On the genus Aloex — Preparation of herbarium material at Pre* 
toria. Chron. Bot. 9: 150, 151. Autumn 1945. 

Walker, E. H. Additional introduced plants in the Aleutian Islands. Bull. Tor^ 
rey Club 73; 204, 205. 15 Mr 1946. 

Walker, E. H. The preparation of a new manual of the flora of the Washington* 
Baltimore area. Castanea 11: 51, 52. Mr 1946. 

Weatherby, 0. A. A new Argentine variety in Notholaena, Am. Pern Jour. 36: 

7-9. map. Ja-Mr 1946. 

Weber, W. A. A taxonomic and cytologieal study of the genus Wyethia, family 
Compositae, with notes on the related genus Balmmorhiza. Am. Midi. Nat. 

35: 400-452. /. 1-6 +maps 1-6. Mr fAp] 1946. 

Weberbaaer, A. El mundo vegetal de los Andes Peruvanos, estudio fitogeografico. 

1 Revised and enlarged edition of 7He Pflanzenwelt der peruamHchen Anden. 
1911.] Lima, Ministerio Agric. i-xiXf 1-776. 15 Je 1945. 

Wherry, E. T. The Gilia aggregaia group. Bull. Torrey Club 73: 194-202. 15 
Mr 1946. 

Wiggins, I. L. Xerophytic ferns in Ecuador. Am. Fern Jour. 36: 1-7. Ja-Mr 
1946. 

Williams, L. O. New and interesting Mexican orchids [from the Erik Oestlund 
herbarium], Bot. Mus. Leafl. 12: 225-254. pi. US. 17 Ap 1946. 

Williams, L. O. Two orchids from Haiti [Lepanthes purpurata and Cattleyopsis 
Holdridgei]. Bot. Mus. Leafl. 12: 255, 256. 17 Ap 1946. 

Yuncker, T. G. Plants of the Manua Islands. Bishop Mus. Bull. 184: 1-73. 
map. 17 Ap 1945. 

MORPHOLOGY 

(including anatomy, end cytology in part) 

(See also under Genetics: Schnack & Gonzok»z; Stout; under Mycology and Plant Pathology; 

Brodie) 

Armacost, B. B. The structure and function of the border parenchyma and vein* 
ribs of certain dicotyledon leaves. Proc. Iowa Acad. 51 (1944): 157-169. 

/. 1-4. D 1945. 

Buchholz, J. T. A Steimert, M. L. Development of seeds and embryos in Pinuft 
ponderom, wdth special reference to seed size. Trans. 111. Acad. 38; 27-50. 
tables i, 1 Mr 1946. 

Esau, K. Morphology of reproduction in guayule and certain other species of 
Pariheninm. Hilgardia 17: 61-320. pi. 1-16. Ja [Ap] 1946. 

Gunckel, J. E. A Wetmore, K. H, Studies of development in long shoots and 
short shoots of Ginkgo biloha L. I. The origin and pattern of development of 
the cortex, pith and procambium. Am. Jour. Bot. 33: 285-295. f. J-16. Ap 
1946. 

Jacobs, D. L. Shoot segmentation in AnacharLs densa. Am. Midi. Nat. 36: 283- 
286. f. 1-6. Ja [Mr] 1946. 

Johansen, D, A. Classification of the types of Angiospermic embryo development. 
Chron. Bot. 9: 139, 140. Autumn 1945. 

Hast, 0. G. A Bailey, I. W. Morphology of Euptclea and comparison with Tro* 
chodendron. Jour. Arnold Arb. 27: 186-192. pi. 1-4. 15 Ap 1946. 

Beeve, B. W. Structural composition of the sclereids in the integument of Pisum 
mtivum L. Am. Jour. Bot. 33: 391-204. f. 1-19 liable 1. Mr [19 Ap] 
1946. 

Bick, 0. M. The development of sterile ovules in Lyoepersicon esculentum Mill. 

Am. Jour. Bot. 33: 250-256. f. 1-21, Ap 1946. 
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Stem, H. The formation of polynucleated pollen mother-cells. Jour. Hered. 

37: 47-50. /. 6, 7. F j Ap] 1946. 

Wolf, F. A. Further consideration of glandular leaf hairs of tobacco and their 
significance. Bull. Torre.v Club 73: 224-234. My 1946. 

PLANT PHYSIOLOGY 

(See also under Myctdogy and Plant Pathology: Brierley & Stuart, Brodie, Conklin, Boed, 
RobertH, Steinberg, Walker & Foster, W'olf) 

Addoms, B. M. Entrance of water into euberized roots of trees. Plant Physiol. 

21: 107-112. Ja 1946. 

Aikman, J. M, & Brackett, Q-. L. Microclimatic differences in minimum tem¬ 
perature and variations in frost injury to hillcnlture plants. Proc. Iowa 
Acad. 61(1944): 147-156. /. 7. D 194^ 

Aldrich, W. W., Crawford, 0. L. & Moore, D. C. Leaf elongation and fruit 
growth of the Deglet Noor date in relation to soil-moisture deficiency. Jour. 

Agr. R(\s. 72: 189-200. /. 7, 1 Mr 1946. 

Appleman, C. O. k Brown, B. G. Relation of anaerobic to aerobic respiration 
ill 8oim‘ storage organs with special reference to the Pasteur eff(*ct in higher 
plants. Am. Jour. Bot. 33: 170-181. fable 1-^0. Mr [19 ApJ 1946. 

Arndt, C. H. Tempera! lire-growth relations of the roots and hypocotyls of cotton 
seedlings. Plant Physiol. 20: 200-220. /. 7-6’. Ap 1945. 

Bakke, A. L. A Gaessler, W. G. The effect of reduced light intensity on the 
aerial and subterranean jiarts of the European bindweed. Plant Physiol. 

20: 246-257. /. 1, J. Ap 1945. 

Bennett, E. 8ome aspects of the metabolism (»f the Ebenezer onion. Plant 
Physiol. 20: 37-46. /. 7-70. Ja 1945. 

Bernstein, L., Hamner, K. C. A Parks, B. Q. The influence of mineral nutrition, 
soil fertility, and climate on carotene and ascorbic acid content of turnip 
greens. Plant l*hysiol. 20: 540-572. /. 7-/. O 1945. 

Broyer, T. C. Renewal of growth by guayule transj>lants. Plant Physiol. 20: 
137-141. /. 7, .7. Ja 1945. 

Broyer, T. C. A Fumstal, A. H. A note on the effects of copper im]mrities in 
distilled water on growth of plants. Plant I’hyisol. 20: 690, 691. O 1945. 

Burkholder, P. B. A McVeigh, I. The P» vitamin content of buds and shoots of 
some common trees. Plant Physiol. 20: 276-282. /. 7, 2. Ap 1945. 

Burkholder, P, B. A McVeigh, I. Vitamin content of some mature and germinated 
legume se(‘d8. Plant Physiol. 20: 301-306. /. 7. Ap 1945. 

Chang, BL T. A Loomis, W. E. Effect of carbon dioxide on absorption of water 
and nutrients by roots. Plant Physiol. 20: 221-232. Ap 1945. 

Cox, L. G., Minger, H. M. A Smith, E. A. A germination inhibitor in the seed 
coats of certain varieties of cabbage. Plant PhVvSioI. 20: 289-294. Ap 1945, 

Curtis, J. T. A Blondeau, B. Influence of time of day on latex flow from Crypfo- 
stryia f/randiflora. Am. Jour. Bot. 33: 264-270. /. 7-6. Ap 1946. 

Dennison, B. A. Growth and nutrient responses of little Turkish Tobaceo to long 
and short photoperiods. Plant Physiol. 20: 183-199, /. 7-,?. Ap 1945. 

Duffy, M. E. A Calloway, A. I. Observations on talc as a ])lant hormone. Proc. 

Pa. Acad. 19: 137-139. 1945. 

Eyster, H. C. Effect of auxins on the action of diastase in vitro. Plant Physiol. 

21: 68-74. /. 7, Ja 1946. 

Frank, S. B. The effectiveness of the spectrum in chlorophyll formation. Jour. 

Gen. Physiol. 29: 157-179. 20 Ja 1946. 
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Garxnan, Helen R. & Barton, Lela V. Germiiiation of seeds of Vanicum anceps 
Michx. Contr. Boyce Thomi>son Inst. 14: 117-122. /. ttahlr 1, Ja-Mr 
[My] 1946. 

Gtordon, S. A. Auxin-protein complexes of the wheat grain. Am. Jour. Bot. 33: 
160-169. /. 1 ^tables l-S. Mr [19 Ap] 1946. 

Gum, O. B., Brown, H. D. A Burrell, B. C, Some effects of boron and manganese 
on the quality of beets and tomatoes. Plant Physiol. 20; 267-275. /. 

Ap 1945. 

Gustafson, F. G. Influence of external and internal factors on growth hormone 
in green plant. Plant Physiol. 21: 49-62. Ja 1946. 

Hansen, E. Quantitative' study of ethylene production in apple vari(‘ties. Plant 
Physiol. 20: 6.31-635. /. 7-;?. O 1945. 

Hendrickson, A. H. & Velhmeyer, F. J. Permanent wilting percentages of soils 
obtained from field and laboratory trials. Plant Physiol. 20: 517-539. /. 
7-75. O 1945. 

Hodge, W. H. Alkaloid distribution in the bark of some Peruvian cinclionas. 
Oarib, Forest. 7: 79-92. Ja 1946. 

Jacobson, L. Iron in the leaves and chh)ro])last8 of some ])lants in relation to 
their chlorophyll content. Plant Physiol. 20: 233-245. /. 7-7/. A]) 1945. 

Johnson, L. F. V. Physiological studies on sap flow in the maple, Acer sarchannn 
Marsh. Caiiad. Jour. Res. 0 23: 192-197. I) 1945. 

Jones, M. A. & Cooper, W. 0. The lack of scion effect o)i root ijuality of Drrriff 
elUptica. Plant Physiol, 21 63-67. Ja 1946. 

Judkins, W. F. The influence of kernel size, age, location in panicle, and variety 
of oat, on the variability of the Averin test. Am. Jour. Bot. 33: 181-184. 
f. 7. table 1-S. Mr [19 Ap] 1946. 

Kidd, F. & West, C. Respiratory activity and duration of life of ap]>li‘s gathered 
at different stages of development and subse(iiK‘ntly maintained at a con¬ 
stant temperature. Plant Physiol. 20: 467-504. /. /-2'7. O .1945. 

Kramer, F. J. Absorydion of water through suberized roots of trees. Plant 
Physiol. 21: 37-43. /. 7. Ja 1946. 

Leggatt, C. W. Germination of seed of three species of Agrostis. Oanad. Jour. 
Res. C 24: 7-21. 6* /. F (Mr] 1946. 

Leonard, O. A. A Pinckard, J. A. Effect of various oxygen and earboii dioxide 
concentrations on cotton root development. Plant Physiol. 21: 18-36. 

/. 1^9, Ja 1946. 

Levine, M. Tlie effect of colcliicine and acenaphthene in combination with x rays 
on plant tissue—111. Bull. Torrey Club 73: 167-183, tables 1-6, 15 Mr 
1946. 

Love, A A L6ve, D. Experiments on the effects of animal s(*x hormones ou dioe¬ 
cious plants. Ark. Bot, 32A n:o 13: 1-60. f. J-S8, 1 N 1945. 

I/OO, Shih-Wei. Cultivation of excised stem tips of dodder in vitro. Am. Jour. 
Bot. 33: 295-300. f, 1-4. Ap 1946. 

Loo, Shih-Wei. Further experiments on the culture of excised a8y)aragus stem tii>s 
in vitro. Am, Jour. Bot. 33: 156-159. /. IS stables 1-4. Mr [19 Ap] 1946, 

Loustalot, A, J. et at. Effect of copper and zinc deficiencies on the photosynthetic 
activity of the foliage of young tung trees. Plant Physiol. 20: 283-288. 
Ap 3945. 

McOomb, A. L. A Griffith, J, F. Growth stimulations and phosplionis absorption 
of mycorrhizal and non-iriycorrhizal north white pine and Douglas fir seed- 



IMd] 


INDEX TO AMERICAN BOTANICAL LITERATURE 


lings in relation to fertilizer treatment. Plant Physiol, 21: 11-17. f, /-/. 
Ja 1946. 

MacDougal, B. T. & Dufrenoy, J. H. Criteria of nutritive relations of fungi and 
seed-plants in Mycorrhizae. Plant Physiol. 21: 1-10. Ja 1946. 

Marsh, P. B. & BoUenbacher, K. I'he vitamin requirements of MrmnonicJhi and 
Slachybotrtfs. Am. Jour, Bot. 33; 245—249. /. 1—3, Ap 1946. 

Marshall, H, & Maki, T. E. Transpiration of pine sc'edlings as influenced by 
foliage coatings. Plant Physiol. 21: 95-191. f. 1. Ja 1946. 

Martin, J. N. Changes in the germination of red clover seed in storage. Proc. 

Iowa Acad. 61(1944): 229-233. 1) 1945. 

Meyer, B. S. Effects of various concentrations of boron on tin' development of 
T'araxacum kok sayhy:: in sand culture. Am. Jour. Bot. 33: 204-299. f, 1. 
Mr [ 19 Ap] 1946. 

Noggle, O. R. Applications of spectroi)hotometric methods to jjrobleins of chemi¬ 
cal analysis in the study of ])lant physiology. Trans. Ill. Acad. 38: 64-67. 
1 Mr 1946. 

Pieniazek, S. A. I*re storage carbon dioxide treatments for control of apx>le scald. 
Plant Physiol. 20: 313, 314. Ap 1945. 

Porter, J. W. ei ah Carotene content of the corn plant. Jour. Agr. Res. 72: 
169-187. /. 1-(h 1 Mr 1946. 

Pratt, R. & Hok, K. A. Jnfl uence of the |)roportions of KH J^ 04 , MgSO^, and 
NaNO.i in the nutrient solution on the production of penicillin in submerged 
cultures. Am. Jour. Bot. 33: 149-156. /. 1-3fabir 1-7, Mr [19 Ax')) 1946. 
Reece, P. C., Furr, J. R. & Cooper, W. C. The inhibiting effect of the terminal 
bud on flower formation in the axillary buds of the Hadeii mango {Man- 
(jifero indica L.) Am. Jour. Bot, 33: 299, 219. Mr [19 Ap | 1946. 

Sideris, 0. P, & Young, H. Y. Effects of different amounts of XH>tassium on 
growth and ash coiistitiients of Atiaitas c(nn<)sns (T^.) Morr. Plant Physiol. 
20: 699-639. /. IS. O 1945. 

Sideris, C. P. & Young, H. Y. K ffects of iron on certain nitrogenous fractions of 
Ananas camasns (L. )Merr. Plant Phy.siol. 21: 75-94. /. 1-6. Ja 1946. 
Sideris, C. P. & Young, H. Y. Effects of jmtassium on chloro]diyll, acidity, ascor¬ 
bic acid, and carbohydrates of Ananas como.sns (L.) Men*. Plant Physiol. 
20: 649-679. /. is. () 1945, 

Steinberg, R. A. A diba.sal (minimum salt, maximum yield) solution for Asper^ 
(filliis nifft r; acidity and magnesium oi)timum. Plant Physiol. 20: 600-608. 
D 1945. 

Steinberg, R. A. Mineral re<piirements of Lrmno minor. Plant Physiol. 21: 
42-48. Ja 1946. 

Stiles, W. Re.s])iration. TI. Bot. Rev. 12: 165-294. Mr 1946. 

Toole, E. H. & Brown, E. Final results of the Buvel buried seed experiment. 

Jour. Agr. Res. 72: 291-219. / /. 15 Mr 1946. 

Tukey, H. B. & Carlson, R. F. Breaking the dormancy of x>cach S(*ed by treat¬ 
ment with thiourea. Plant Physiol. 20: 595—516. /. IS. O 1945. 

Uhvits, R. Effect of osmotic pressure on water abwSori>tion and germination of 
alfalfa seeds. Am. Jour. Bot. 33: 278-285. f. IS. Ap 1946. 

Wartiovaara, V. The x><‘nneability of Tolyprllopsis cells for heavy water and 
methyl alcohol. Acta Bot. Feini. 34: 1-22. /. JS stable•'i IS. 1944. 
Wemstedt, A. On the abvsorxdion of lead into the cells of XiteUa. Acta Bot. 
Fenn. 36: 1-8, 1944. 

Whiteman, T. M. & Schomer, H. A. Resj>iration and internal gas content of 
injured sweet-potato roots. Plant Physiol. 20: 171-182. /. 1-3. Aj) 1945. 
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GENETICS 

(including cytogenetics) 

Atwood, S. S. The behavior of the self-eompatibilitj factor and its relation to 
breeding methods in Trifoliiim repens. Jour. Ain. 8oc. Agron. 37: 991-1004. 
I> 1945. 

Blakeslee, A. F. Keinoving some barriers to crossability in plants. Proc. Am. 
Phil. Soc. 89: 561-574. 10 D 1945. 

Oovas, G. Numero de eromosomas de algiinas Gramineas argentinas. JRevista 
Argent. Agron. 12: 315-317. f. 1. 10 B 1945. 

Covas, G. & Booklet, M. Numero de eromosomas de algnnas Grairiineae—8tipinae 
de la flora argentina. Reviata Argent. Agron. 12: 261-265. 7 f. 10 B 1945. 
Dobzhansky, T. Lysenkogenetics(a review). Jour. Hered. 37: 5-9. Ja 
[Mr] 1946. 

Dodge, B. O., Schmitt, M. B. & Appel, A. Inheritance of factors involved in one 
type of hete roeary otic vigor. Proc. Am. Phil. Soc. 89: 575-579. 10 B 1945. 
Douwes, H. Ken genetisch-chemiseh onderzoek ^an Eschseholtzia californiea 
Cham. Genetica 23: 353-464. ^ pi. J1 1943 [Inch 13 p. English summary.] 
• Gardner, E. J. Sexual plants with high chromosome number from an individual 
plant selection in a natural population of guayule and mariola. Genetics 
31: 117-124. pi. Mr 1946. 

litis, E. Bud-mutations in the marigold. Jour. Hered. 36; 291-295. O 1945. 
Johnson, L. P. V. Fertilization in Ulmns with special reference to hybridization 
procedure. Canad. Jour. Res. C 24: 1-3. F [Mr] 1946, 

Jones, D. F. Heterosis resulting from degenerative changes. Genetics 30: 527- 
542. N 1945. 

Lysenko, T. D. Heredity and its variability. [Translated from the Russian by 
Theodosius Bobzhansky.] 1-65. Ne^v York, King’s Oown Press. 1946. 

Poa, W. K. & Li, H. W. Material inheritance of variegation in common wheat. 

Jour. Am. Soc. Agron. 38: 90-94. Ja 1946. 

Boss, J. G. & Boyes, J. W. Tetraidoidy in flax. Canad. Jour. Res. C 24: 4-6. 
1 f.F [Mr] 1946. 

Sans, 0. Pollen-tube growth in intergeneric pollinations on Datura stramonium. 
Proc. Nat. Acad. 31: 361-367. N 1945. 

Schnack, B. & Gonzalez, F. F. Estudio morfoI6gico y citogenetico del hibrido 
Glandularia sanfiapucnsis'xG. mepapotamica. Be vista Argent. Agron. 

12: 285-290. 3 f.^pl. h‘>. 10 B 1945. 

Scott, D. H. & Biner, M. E! A mottled-leaf character in winter squash. Jour. 
Hered. 37: 27, 28. /. 12. Ja [Mr] 1946. 

Sharman, B, C, Agropyron-M\iQ. segregates from a cross between Triticum vulgarc 
Host, and T. danm Besf. Jour. Hered. 37: 55. /. 10. F 1 Ap] 1946. 

Shull, G. H. Hybrid seed corn. Hcicnce 103: 547-550. /. J. 3 My 1946. 
Singleton, W, B. Inheritance of indeterminate growth in maize. Jour. Hered. 
37: 61-64. f. 11--12. F [Ap] 1946. 

Singleton, W. B. ^^Long husk” sterility in maize. Jour. Hered. 37: 29, 30. f. IS. 
Ja [Mr] 1946. 

Smith, D. C. & Nielsen, E. L. Morphological variation in Voa pratensis L. as 
related to sul)sequent breeding behavior. Jour. Am. Soc. Agron. 37: 1033- 
1040. B 1945. 

Stahl, J. L. Chimeras of Bowen blackberry. An unstable patented plant. Jour. 
Hered. 37: 51-53. /. 8, 9. F [Ap] 194^ 



1940] 


INDEX TO AMERICAN BOTANICAL LITERATURE 


391 


Stout, A. B. Types of anthesis in Hemerocallis and their heredity in Fi hybrids. 
Bull. Torrey Club 73: 134^154. /. 7-4. 35 Mr 1946. 

Stuckey, I. H. & Banfleld, W. G. The morphological variations and the occur¬ 
rence of aneuploids in some species of Agroatis in Rhode Island. Am. Jour. 
Bot. 33: 185-190. /. 1-18 stable 1. Mr [19 Ap] 1946. 

Zhebrak, A. B. New amphidiploid species of wheat and their significance for 
selection and evolution. Am. Nat. 80: 271-279. /. 1. Mr 1946. 

MYCOLOGY ANI> PHYTOPATHOLOGY 

(See also under Plant PhysioloKy: Pratt & Hok) 

AUington, W. B. Bud blight of soybean caused by tobacco-ring-spot virus. 
Phytopathology 36: 319-322. /. l] 2. Ap 1946. 

Baker, K. F. k Thomas, H. £. Failure of bud and graft unions of rose induced 
by Chalaropfiiff ihielavioides. Phytopathology 36: 281-291. f. 7, 2, Ap 3946. 

Baxter, D. V. Some resupinate polyporea from the region of the Great Lakes. 
XVI. Pap. Mich. Acad. 30: 175-191. pi 1-14. 1944 [S 1945J. 

Bliss, D. E. The relation of soil temperature to the development of Armillaria 
root rot. Phytopathology 36: 302-318. f. 1-8. Ap 1946. 

Bowman, D. H. Sporidial fu.sion in Usiilago maydis. Jour. Agr. Res. 72: 233- 
243, 2 f. 1 Ap 1946. 

Brierley, P. & Smith, F. F. Reaction of onion varieties to yellow-dwarf virus 
and to three similar viruses isolated from shallot, garlic, and narcissus. 
Phytopathology 36: 292-296. Ap 1946. 

Brierley, P. & Stuart, N. W. Influence of nitrogen nutrition on susceptibility of 
onions to yellow-dwarf virus. Phytopathology 36: 297-301. /. 1. Ap 1946. 

Brodie, H. J. Further observations on the mechani.sm of germination of the 
conidia of various species of poudery mildew at low humidity. Canad. Jour, 
Res. C 23: 198-211. 7 /. I) 1945. 

Chitwood, B. G. & Buhrer, E. M. The life history of the golden nematode of 
potatoes, 11 (i(Todtra roHiochiem^ia Wollenweber, under Long Island, New 
York, condition.«. Phytopathology 36: 180-189. /. 1-4. Mr 1946. 

Conklin, D. B. intra-violet irradiation of s]»ores of certain molds collected froin 
bread. Proc. Iowa Acad. 51 (1944): 185-189. D 1945. 

Davidson, B. S. Ring rot-like sym]>tom.s produced by soft-rot bacteria in })otato 
tubers. Phytopathology 36: 237-239, /. 1. Mr 1946. 

Dean, L. L. & Hungerford, C. W. A new bean mosaic in Idaho. Phytopathology 
36: 324-326. Ap 1946. 

Diachun, S. & Valleau, W. D. Growth and overwintering of Xanihomona,^ vesica- 
torn in association with wlieat roots. Plmopathology 36: 277-280. Ap 1946. 

Dodge, B. O. A curious fungus on Opuntia [Trctopilcas opuyiiiae]. Bull. 
Torrey Club 72: 219-223. /. /. 2. My 1946. 

Drechsler, C. Three new' Zoopagaceae subsisting on soil amoebae. Mycologia 
38: 320-143. /. 1-6. Mr 1946. 

Eddins, A. H, & West, E. Sderotium rot of potato seed pieces. Phytopathology 
36: 239, 240. /. 7. Mr 1946. 

FemAndez Valiela, M. V. La presencia del Hehni7itho.sporium avenac en la 
Republica Argentina. Revista Argent. Agron, 12: 281-284. 3 f. 19 II 1945. 

Gilman, J. C. Illustrations of the fleshy fungi of Iowa. VI. Fleshy poroid forms. 
Proc. Iowa Acad. 61 (1944): 191-197. ilhst. I> 1945. 

Greaney, F. J. Influence of time, rate, and depth of seedling on the incidence of 
root rot in wheat. Phytopathology 36: 252-263. Ap 1946. 
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Heuryi K. Eeologienl notes on fungi, Proc. Pa. Acad. 19: 140-148. 1945. 
Henry, L. K. New or noteworthy fungi from western Pennsylvania. Proc. Pa. 
Acad. 19: 148-140. 1945. 

Henry, L. K. A review of the Bolctes (Fungi) of western Pennsylvania. Ann. 

Carnegie Mus. 30: 21.3-288. S pL 10 Ja 1946. 

Jane, F. W. A revision of tlie genus llarpochytriunn. Jour. Linn. Soc. 63: 
28-40. f, 28 F 1946. 

Jenkins, A. E. Saint-IIilaire’s records of damage from wheat rust in Brazil. 
Chron. Bot. 9: 147-150. Autumn 1945. 

Jones, H. A. ft ah Relation of color-inliibiting factor to smudge \ Colic to trichum 
circinans] resistance in onion. Jour. Agr. Res. 72: 259-264. 1 Ap 1946. 
Jones, K. L. ^‘Root nodules” on /Aiinia produced by nematodes. Pap. Mich. 
Acad, 30: 66-70, 1 pi. 1944. [S 1945. | 

Ko, Slang Yin, Torrle, J. H. Ac Dickson, J. G. Inheritance of reaction to crown 
rust and stem rust and other characters in crosses between Bond, Arena 
hyzantinc, and varieties of A. mtiva. Phytopathology 36: 226-235. /. /. 
Mr 1946. 

Lasser, T. & Rodriguez Landaeta, A. DoihidcHa ulei en Venezuela. Bol. Soc. 

Venez. Cien. Nat. 10: 117-119. Jl-S 1945. 

Iiong, W. H. Studies in the Oasteromycet<‘S, XIII. The typ(*s of Miss White’s 
species of Tylofdojna. Mycologia 38: 171-179. /. /—/. Mr-Ap 1946. 
Martin, G. W. The genus Aspt rgillus. Science 103: 116, 117. 25 Ja 1946. 
Nearing, G. G. Notes on the lichen Arthonia impoUta. Bryologist 49: 11. Mr 
1946. 

Olive, L. S., Lefebvre, C. L. A Skerwin, H. S. The fungus that causes sooty 
stripe of Sorghum spp. Phytopathology 36: 190-200. /. 1—L Mr 1946. 
Overholts, L. 0. A Lowe, J. L. New species ol Poria [1*. alutacca], Mycologia 
38: 202-212. /. 1, Mr 1946. 

Pryor, D. E. Exploratorv (ixperiments with the big vein disease of lettuc(‘. 
Phytopathology 36: 264-272. Ap 1946. 

RS.S^en, V. Das System der Flechten. Ubersicht mit Bestirnmungstabellen der 
naturlichen Flechtenfainilien, ihrer (lattungen, Untergattungen, Sektioneu 
und Untersektionen. Acta Bot. Fenii. 33: 1-82. 1943. 

Ramsey, G. B., Heiberg, B. 0. A Wiant, J. S. l>lplodia rot of onions. Phyto¬ 
pathology 36: 245-251. /. 1-J. Ap 1946. 

Reed, G. M. Physiologic specialization of the parasitic fungi, II. Bot. Rev. 12: 
141-164. Mr 1946. 

Roberts, C. The effect of iron and other factors on the production of pigment by 
the yeast TorulopsU pulcherrirna. Am. Jour. Bot. 33: 237-244. /. 

Ap 1946. 

Santesson, R. Two interesting new species of the lichen genus Parmclia. Bot. 
Not. 1942: 325-330. /. 7, 15 S 1942. 

Seaver, F. J. A Waterston, J. M. Contribution to the myco-flora of Bermuda— 
IV. Mycologia 38: 180-201. /. 1-^. Mr 1946. 

Semeniuk, G. A Gilman, J. C. Relation of molds to the deterioration of corn in 
storage, a review. Proc. Iowa Acad. 61 (1944): 265-280. 1) 1945. 

Singer, R. A new species of Uydropus (Kuhn.) Sing. (Agaricales). Mycologia 
38: 227, 228. Mr 1946. 

Brol t h, A. H. A Singer, R. A monograph on the genus Cystoderma. Pap. Mich. 
Acad. 30: 71-124. pi. 1-12. 1944 jS 1945 ]. 
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Smith, Helen V. The genus Limaeelln in North America. Pap. Mich. Acad. 30: 
125-147. pi. U 1944 [S 1945]. 

Stakman, H. 0. & Christensen, C. M. Aerobiology in relation to plant disease. 
Bot. Eev. 12; 205-253. Ap 1946. 

Steinberg, R. A. Specificity of potassium and magnesium for growth of Asper¬ 
gillus niger. Am. Jour. Bot. 33; 210-214. Mr [19 Ap] 1946. 

Strong, M. C. The effects of soil moi.sture and temperature on Fusarium wilt of 
tomato. Phytopathology 36: 218-225. /. 1, 5. Mr 1946. 

Tai, F. L. F'urther studies on the Erysiphaceae of China. Bull. Torrey Club 
73: 108-130. /. i-7.1 15 Mr 1946. 

Thirumalachar, M. T. An undescribed species of Elsinoe from Mysore. My* 
cologia 38: 220-225. /. 7-7. Mr 1946. 

Thomas, W. D. Two aids for the study of potato-late-blight-epidemiology. 
Phytopathology 36: 322-324. Ap 1946. 

Xnistrup, A. J. An undescribed ear rot of corn caused by Pligsalospora zeae. 

Phytopathology 36: 201-212. /. IS. Mr 1946. 

Walker, J. C. & Foster, R. E. Plant nutrition in relation to disease development. 

III. Fusarium wilt of tomato, -^m. Jour. Bot. 33: 259-264. /. 1-S. Ap 1946. 
Walter, J. M. Canker stain of plane trees. V. 8. I). A. Circ. 742: 1-12. /. IS. 
Ja 1946. 

Wehmeycr, L. E. Studies on some, fungi from northwestern Wyoming. I. Pyre- 
noun celes. Mycologia 38: 144-170. /. Mr 1946. 

Willison, R. S. Peach blotch. Phytopathology 36: 273-276. f. 1. Ap 1946. 

Wolf, F. T. The action of sulfonamides on certain fungi ])athogeme to man, 
Mycologia 38: 213-219. Mr 1946. 

KOOLOCiY AND PLANT GEOGRAPHY 

alMo iinUor Myeolo^ry and Plant Pathology: Henry) 

Boyko, H. On the need for ati international network of plant-sociological 
stations. Chron. Bot. 9: 86-88. / /. Autumn 1945. 

Burgos, J. J. El termo})eriodismo en la ecologia de la papa simieiite. Rcvista 
Argent. Agroii. 12: 266-280. /. 7, 10 D 1945. 

Davis, D. E. The annual cycle of plants, moscpiitoes, birds, and mammals in two 
Brazilian forests. Ecol. Monog. 16: 243-295. J1 1945. 

Erickson, L. Some observations on the weed flora of Wyoming. Northwest Sci. 
20: 20-22. F Ap 1946. 

Gregory, L. E. A V61ez, I. An ec(»logical survey of the Polytechnic Institute Ar¬ 
boretum. Carib. Forest. 7: 1-36./, IS + tahlr.s IS. Ja 1946. 

Julander, O. Drought resistance in range and pasture grasses. Plant Physiol. 
20: 573-599. /. IS. O 1945. 

Loomis, W. E. A McComb, A. L. Recent advances of the forest in Iowa. Proc. 

Iowa Acad. 51 (1944): 217-224. /. IS. D 1945. 

Meinteer, B. B. A change from grassland to forest vegetation in the ‘*Big 
Barrtm'’ of Kentucky. Am. Midi. Nat. 36: 276-282. Ja-Mr 1946. 

Stevens, O. A. Plant and animal populations of the Missouri River Valley in 
North Dakota. N. Dak. Agr. Sta. Bimo. Bull. 8: 20-25. N-D 1945. 

Warner, R. M. R<dation of vegetative cover to the plant growth conditions of 
eroded soils. Iowa State Coll. Jour. 8ci. 20: 101-153. O 1945. 

Weaver, J. E. A Zink, B. Annual increase of underground materials in three 
range grasses. Ecology 27: 115—127. /. 7-6. Ap 1946. 
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WlUiams, T. Y. ft Holch, A. E. Ecology of the Black Forest of Colorado. 
Ecology 27: 139-149. /. 1-10. Ap 1946. 

PALEOBOTANY 

Arnold, 0. A. Silicified plant remains from the Mesozoic and Tertiary of western 
North America. I. Ferns. Pap. Mich. Acad. 30: 3-34. pi, I—II, f, 1-4^ 1944 
[S 1945]. 

Bradley, W. H. Coprolites from the Bridger formation of Wyoming: their com¬ 
position and microorganisms. Am. Jour. Sci. 244: 215-239. pi, 1—4. Mr 
1946, 

Buell, M. F. Late pleistocene forests of southeastern North Carolina. Torreya 
46: 117, 118. D 1945 [25 Ja 1946]. 

Cain, S. A. The place of pollen analysis in paleO’ecologj\ Chron. Bot. 9: 106- 
114. Autumn 1945. 

Emberger, L. Le sporopliylle des Lycopodiales actuclles et de certaines Articulees 
(Sph^mophyllales et Nocggerathiales). Bull. Soe. Bot. France 89: 121, 122. 
1942. 

Frenguelli, J. Viaje al Neiupien. Rev. Mus. La Plata, Seccion Ofiicial 1944: 
154-169. /. 1-10. 10 S 1945. 

Loubl^re, A. Sur les subdivisions et la repartition verticale du genre Sipillaria, 
Bull. Mus. Nat. Hist. Natur. II. 16: 96-98. F 1943. 

Loubidre, A. Sur iin bois silicide do inonocotyledone de Tertiarie des Antilles. 

Bull. Mus. Nat. Hist. Natur. IT. 12: 177-179. 1 f. F-My 1940. 

Selling, O. H. Fossil remains of the genus JIumiria [in South America). Svensk. 
Bot. Tids. 39: 257-269. i^i f. 24 S 1945. 

Wilson, L. B. ft Kosanke, K. M. Seven new species of uiiassigned plant micro- 
fossils from the Des Moines Series of loM'a. Proc. Iowa Acad. 61 (1944): 
329-333. /. 7-7. 11) 1945.] 

Wilson, It. B. ft Webster, B. M. Plant microfossils from a Fort Union coal of 
Montana. Am. Jour. Bot. 33: 271-278. /. 1-lS. Ap 1946. 

GENERAL BOTANY 
(includim; Biography) 

ApoUnax Marid, H. Vocabulario de t^^rminos vulgares cn historia natural 
colombiana (continuacion). Rev. Acad. Colomb. 6: 172-204. 2 col. pi. 1945. 
Arber, A. Sir Joseph Banks and botany. Chron. Bot. 9: 94-106. Autumn 1945. 
Bartlett, H. H. ft Walker, E. H. A program of botanical collecting and study for 
servicemen. Chron. Bot. 9: 135-137. Autumn 1945. 
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HETEROKARYOSIS, MATING-TYPE FACTORS, AND SEXUAL 
REPRODUCTION IN NEUROSPORA 

Eva Ricuardsox Sansome 

INTKODT’rTIoy 

I)(Kl<>:e was tli(‘ firsf to describe the experiiueiital synthesis of lietero- 
karyons in Neurospora (1942). lie used “ imisexnar’ lines of the hoinothallic 
species N. trtrffspoina and found that vejretative heterokaryoiis, more 
vij^oroHS than tlieir constituent hoinokaryons. could be prodiu'ed, whether 
tlie strains were of tlie same or different inatinj^-ty])es. In Nvuroapora crassa 
this is jiot tlie case. In tliis species, vijrorous heterokaryons can readily be 
made from two mutants of the same matin<»'-type (Beadle & Coonradt 1944, 
Hansome in t)ressj, but when two sindi mutants beloiminjr to different mating- 
types ai*e put together, no aj)preciable ijn*rease in vi^or o(»curs. Beadle ami 
(V)onradt simj^ested that the lack of ve^^etative vi’xor in combinations of 
different rnatiim-types may be due to the ‘Men<lency of the hy])hae contain- 
i?m* nu(*h*i of the two sextos to form frnitin.u- Ixalies (t)erithecia) rather than 
}zrow in the manner of sti'ictly vegetative liyphae.” However, there is no real 
evidence that vej^etative heterokaryons can be forme<l from cultures of oppo- 
sit(‘ matin^-tyi)es. The (‘Xi)eriments to be described in this i)aper were made 
to investij^ate this point on the sujr,irestion of Dr. B. O. Dod^e. The results 
are tliscussed in relation to the matin<i-type factors and sexual reproduction 
in A', cra.ssa and A . idrdspcnna. 

mateki.xls 

Breliminary experiimmts were made on a wild type ]Ku-ithecium-formiu<r 
strain obtained from Dod^e under the nanu* A\ crassa, “Abbott/’ and also 
on (‘ojuhinations involving' two mutajits which were very similar in appear¬ 
ance, tiamely the mutant “r/'/.sp’’descri])ed by Lindejjrren (19IU)) and a new 
mutant on tin' same chromosome as cn'sj) and the matinjr-type factors. 

Further experiments were made on two ])airs of nuitants X—H, X-Kh 

and X-IL These mutants were all obtained in the first place by X-radiation 
of microconidia of the /?astrain. The mutants were then crossed with 
wild iff pc and from the resultin^^ ascospore cultures mutant cultures of 
A and a matijij:-types were selected. Alutants were chostm for their reduced 
<^rowth-rate, since it was believed that this would favor the production of 
heterokaryons, and for their dissimilarity to eaeli other. 

and X-d were distiiifrnished from wild type and flvffy by their 
jiveatly reduced jjfrowth-rates and sj)ecial habit of branching, and they could 

:v,)7 

IThk Bulletin for July-.-Vugust (73: 339-39(3) was issued July 3, 194(3.] 
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be readily distiupiisbed from eaeh other because A"-,9 showed clustered 
brauehinji: at tlie ends of the hyphae whereas A"-8 did not. 

X-10 and X-11 also showed reduced growdh and characteristic branch¬ 
ing. In plate cultures the growth was of a rather spreading colonial type. 
Both mutants had an ijitense }>iiik coloration when exposed to the light. 
The X-11 mutant gave a more reduced compact type of growth than X-10, 
as illustrated in figures 2 and 3. 

EXPERIMENTS AND RESULTS 

N. crasi^a, *‘Abbott.’’ A mass transfer was made from the original tube 
which contained perithecia. Macroconidia, whi(-h are usually multimicleate, 
from this subculture Avere spread thinly oti a plate of imtato-dextrose agar. 
On germination, 30 single niacroconidia AA’ere isolated into tubes of potato- 
dextrose agar. One of these failed to groAA', the remaining 20 cultures did 
not form perithecia. When te.sted Avith A (Lindegreii’s - ) and a (Linde- 
gren’s-) strains, these cultui’es all reacted as a, gh ing perithecia Avith the A 
strain but not Avith the a strain. This strain therefore gav(‘ no evidence of the 
perpetuation of vegetative ‘‘bisexual” heterokaryons. It seems that the a 
component of the original culture may be more vigorous than the A com¬ 
ponent, but the ex})eriment Avould have to be repeated sevtu'al times Avith 
similar results before this could be taken as established. 

Crisp and Star Combinations. Crisp a and star a ijux-iilated t()g(*tln‘r 
gaA^e CAiItures Avhich are wild fypc in ap])earance and therefore, ])resumably, 
heterokaryons. Crisp a and siar A Avere inoculated together many times, the 
cultures usually remaining mutant in appearance. On one occasioii. however, 
the combination gave a culture which ai)peared to be of tlu' wild type. 
Eighteen hyphal tip isolations Avere made from this culture and all were 
wild type in appearance. From one of these liyphal tip isolates, 40 inai'ro- 
conidial isolations were made, all of AAhich were j)hen(4ypically wild typ(. 
It was thought therefore that this Avas a true heterokaryon involving crisp a 
and star A nuclei. IIoAvevc^r, 31 of the mtV'roconidial isolates AV(‘re tested with 
A and a strains and they all gaAT the A reaction only. This led to the sus¬ 
picion that the apparent heterokaryosis Avas actually the result of a mutation 
in the star A nucleus causing it to give a myceliuTn of normal ai>pearance. 
The mutated star A nucleus probably results in a more vigorous mycelium 
than that of crisp, thus ac('Ounting foi’ the absence of crisp among the origi¬ 
nal hyphal tip isolates. This suspicion Avas verified by an examiimtion of sub¬ 
cultures from the original star culture Avhich also appeared T\ormal, and by 
the results of crosses betAveen the reverted star and normal. These gave some 
star segregants, indicating that either the mutation modifying star to nor¬ 
mal was not a reversion at the star locus but Avas a change at a different lo(*us 
modifying the expression of star, or that the rcA^rted siar strain used in the 
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cross with normal was a heterokaryon containing some i^tar iinclei. No evi* 
dence for the production of ‘‘bisexuar’ heterokaryons w^as obtained from 
these experiments. 

Since macroconidial and ordinary hyphal tip isolations had given no 
evidence of heterokaryosis involving nuclei of opposite mating-type, it was 
determined to make hyphal tip isolations from outgrowths of young peri- 
thecia, following the method of Dodge (1935). 

X~8 A and X-9 A Combinations. XS A and X~9 A gave a ciiltaiv 
resembling that of standard jiulfy. Twelve hyphal tip isolates were all fluffy 
in appearance. When uninucleate microconidia of two of these hyphal tip 
cultures were plated out and isolated, the following results were obtained. 
The fii*st culture yielded 119 cultures of X~s type, 113 cultures of X~9 type, 
and 1 normal. The S(‘cond culture gave 131 cultures of X-H type, 205 cultures 
of type, and 2 normal. The three exceptional normal (uiltures when sub¬ 
jected to microconidial ahalysis gave W-.S: X-~9 types in the following ratios. 
39 :46, 26: 23, ajul 8; 33. They probably resulted from the accidental picking 
up of two germinating microspores at once or from the occurrence of an 
occasional hinucleate spcu’c. These experiments show that combinations of 
X-s ^nul X-9 mutants readily form vigorous h(‘terokaryons, when they are 
of the same mating-type, ^1. 

X-8 a and X-9 A Combinations. X-ii a was inoculated together with 
X-!f A, with no apparent increase in vigor. The eultni*e was allowed to form 
])erithe<'ia. Individual perithecia were isolated, tlie j)ieees of adhering my- 
eeliuiu were removed from them, and they were traiis])lanted to petri dishes. 
Hyphal ti|) isolations were made from the hyphae which had the appearance 
of growing out from these perithecia. Forty-eight siu'h isolations were made, 
(3* wlii('h 18 j)roved to be of the A type and 30 of the X-9 type. Wlien 
tested with standard A and <( stj*ains, the X-8 type gave only the a reaction 
and the ty})e only the A reai-tion. 

This (‘xperiment was rej)(*ated hut the cultures obtained from each peri- 
the(*ium were kept separate. Eight perithecia were analyzed, the number of 
isolates from the different perithecia being 6, 7, 8, 14, 14, 14, 17, and 27, 
respectively. All the rultnres were of one type, namely the X-9 type. This 
evidence indicates that hyidiae of only one mating-type are concerned in the 
formation of individual }>eritheeia. The fact tliat only one type of peri- 
theeium was found in the second experiment may possibly be due to the 
earlier selection oi ])eritheeia in the second experiment. It is possible that 
X-S tends to form perithecia latci- or less readily than X-9, This would be 
ill accordance with the reduced vigor of X-8, 

Combinations Involving X-10 and X-11. A furtlicr series of experi¬ 
ments was made in order to test the hypothesis suggested liy the results of 
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the last experiment, that perithecia are made up of hyj)hae of one matinjr- 
type only. For these experiments mutants X~U) aiul .V-11 were used. Pijxure 
1 shows tube cultures of X-li) a, X-10 A, X-ll a, {X~10 a + X-11 a), and 
{X-JO A‘\ X-ll a). The cultures were all inoculated at the same time into 
tubes of potato-dextrose ajiar. The combination of X-10 a and X-11 a clearly 
shows heterokaryotic vifior, whereas no such effect is shown by the X-10 A 
: X~11 a combination. 

The mutants X-10 A and X~ll a were tlien iiuxodated on to a petri dish 
of cornmeal af?ar, which is favorable for ])erithecium production. Two inocu¬ 
lations of X-10 A were made at one side of the ])etri dish and two of X-11 a 
at the other. The mutants ^n*ew separately until they met. Peritheiua were 
formed at the line of junction and sjmead out about ] cm. on either sid(‘ of it. 

Single perithecia were isolated as b(*fore and the pieces of adlierin‘:r 
mycelium were carefully removed by usin<;' hue needles and washing on a 
slide in sterile physiolo^i'ical saline solution. The jauMthetda were then trans¬ 
planted to plates of ])lain ])er cent a^ar. The use of plain a^ar induces a 
thin spreading: ^rowtli and so faeilitates tiie removal of sinjrle hyplial lips. 
After two days the ('ultures developing’ from the perithe(‘ia Avere (‘xamiued, 
They were seen to be of tAvo distinct types, as i)lust3-at(‘d in fi^^ures 2 and >], 
One type of perithecium, taken from the X-lo side of the cultui’c, ^dves ris(‘ 
to a rather loose colony, the other, taken from the X-J1 side, to a very dens(», 
('omi)act type of colony. AYfien tAvo ])erithecia taken fi'om op[)osite sides of 
the culture are ])ut to^icther, the hyphae apj>ear to jrrow sej)arately (fijis. 
4,5). 

Altoj^ether 54 [lerithecia isolated proved to be of the X-10 type and 28 (»J‘ 
the X-// ty])e. The jzreater number of |)erithecia of the X-1(^ tyi)e as cojii- 
])ared with the X-ll tyi)e is probably to be correlated with tlu* more vi^-or- 
ous, spreading habit of the X-10 type as com}>ared Avith the X~11 tyi>e. 

As a further test, 50 hyphal tip cultures were made from tlu' X-JO ty]>e 
of perithecium, 10 from each of 5 ])erithecia. Similai'ly, 50 cultures Aver(‘ 
made, 10 each from 5 j)erithecia of the X-U ty|>e. lIoAvever, in tliis case the 
^'I'owth was too comj)a('t for sin^le-tij) cultures to be made, so small inoculum 
cultures were made instead. The 50 cultures from the X-10 type of ])eri- 
theciiim i)roved to be of X-10 ty])e in a|)]»earance and the 50 cultures from 
the X-11 perithecia were of X-11 ty])e. None of these (*ultiires had produced 
l)eritheeia three months after imxudation. 

A single tif) from an X-10 perithecium Avas inoculated tojrether Avith a 
small inoculum from an X~ll ])eritheciuin into each of 10 tubes. After 2 
months, perithecia Avere found in 9 of these tidies. In the remainiuj»: tube, 
only the X-11 type appeared to have jxroAvn. 

Furthermore, ei<3:ht cultures from each of 5 different perithecia of tin' 
X -10 type, Avheit tested Avith A and a strains, ^aA^e the A reaction only, Avhile 
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nine cultures from cacli of o different X~ll ])eritlie(‘i^i gave the a reaction 
only. 

Thus cultures obtained from perithecia of the X-10 type were all of the 
X-K) type ill ajipearaiice and '^unisexual” of the A type. Cultures derived 
from perithecia of tlie X-J1 type were of the X~11 type in apjiearance and 
unisexuar^ of the a ty]>e. 

DTSCl-SSlOX 

All my attempts to obtain evidence of vegetative heterokaryosis involving 
A and a nuclei in A. rrassd liave failed. This is in aci'ordaiu'e with the work 
of Dodge (lOnf)) on X. sifophUfL a closely related lietemthallic species. Dodge 
transferred bhx'ks of agar containing fertilized but immature perithecia to 
fresh agar plates and made hyphal tip isolations from the resulting cultures. 
One hundred and thirty-six such isolates produced no ])erithecia. He did not 
test them for mating-tyjjes. In the present experiments, heterokaryosis was 
favored by the use of mutants having a low growth-rate, which were known 
to giv<^ vigorous heterokaryons when of the same mating-type. Nevertheless 
no e\ idence of vegetative* hetei'okaryosis involving iimdei of opposite mating- 
tyj)(‘s could be obtained. Moreover, the results from the X-10 and X-Jl 
cross, in whiedi the jierithecia of the two types <'ould be distinguished (figs. 
2, 2>), in(li(*ate that mycelia of only one mating-ty])e enter into the formation 
of the body wall of a single pei*ithecium. We must conclude therefore that 
in the Jieterothallic sp(‘(Mt*s, the as.so('iation of the two types of nuclei o<-curs 
in the ascogonium, j)robably by way of the trichogyne as described by Colson 
Dodge (11)25), and P>ackns (11)29). Vegetative “bisexual” hetero¬ 
karyons <*annot be readily imliu'ed in these species. 

Contrasting Behavior of Heterothallic and “Homothallic’’ Species. 

In .V. crassff and A. .sifophild mating deiiends u])on a pair of factors, th(‘ - 
or .1 a fa('toi’s, which segregate at meiosis in the ascus. Meiosis is followed by 
a. third mitotic division and as a result 8 ascospores are produ(*ed, 4 of ty])e 
A and 4 of ty])e a. In the secondarily “homothallicspecies, N. tetrasperma, 
the (f factors are jireseiit and segregate at meiosis as in X. crassa but nmdei 
of tlie A and a typo are assoiuated in the young ascospore so that normally 
four “bisexual” sjiores are j)roduced. “Heterothallic" lines which contain 
only one type of nucleus can be obtained by eonidial isolations from the nor¬ 
mal homothallic” type. 

As has been mentioned in the introduction Dodge (1942) iiroduced 
vigorous heterokaryons in the “homothallie” s])eeies A. tfirasperma, whether 
he <*ombined two lines of the same or of opposite mating-types. The fact that 
‘^bisexual” heterokaryons in A. ieiraspei ma may show heterokaryotic vigor 
renders less jilausible the suggestion of Beadle and Coonratlt (1944) that the 
lack of heterokaryotic vigor in ‘‘bisexual” combinations of A. crassa is due 





1940 J 


SANSOME: NEUROSPORA 


403 


to a direction of the energies of tlie plant towards sexual reproduction rather 
than vef»:etative vij^or. Dod^^e (1935) found that hyphal tip isolations made 
from outj^rowtlis from small blocks of a^ar bearing young perithecia ob¬ 
tained b}" mating unisexuar’ lines of N. ietrmpenna were uniformly ‘‘bi¬ 
sexual/’ Although one can often isolate from such “bisexual” mycelia single 
tips which will be “unisexual,” it seems that the difference between the so- 
called “homothallic” species and the heterothallic species of Nenrospora 
is not merely a question of the mechanism of spore formation, but rather that 
nuclei of opposite mating-types are normally associated at all stages in the 
“homothallic’' species, whereas in the heterothallic species they are kept 
apart until the time of sexual reproduction, as suggested by Dodge (1935). 

“Bisexual” Heterokaryons in N, crassa. Lindegren {1934a) found that 
three out of five strains isolated from nature formed ])erithecia with both 
A and a strains, although they were self-sterile. These strains, which were 
of the ('onidial ivild were crossed with tester strains of the jhif y type. 
A numbe]* of asci from these (‘rosses wei’c dissected and it was found that 
(*ertain asci containc<l ascospores which gave rise to wild iypc and fluffy cul¬ 
tures in tile expected 1:1 ratio, but other asci gave rise only to wild type 
cultures. The latter are su])]>osed to be due to self-fertilization and are taken 
to indicate that the wild type is actually dikaryotic for the mating-type 
factors. This assumption is borne out by the fact that one “bisexual” strain 
showed soiriatic segregation, giving subcultures with one mating-type reac¬ 
tion only. Lindegren accounted for the self-sterility of the wild type cul¬ 
tures by assuming that tliey po.ssessed genetic* factors for lieterokaryon self¬ 
sterility. Some su])port for this assumption is to be found iji the results of 
combinations between some of the segregatc^s from the original crosses. It 
was found that some of these combinations did not form pei‘ithecia, although 
known to be of oi)p()site mating-types, be<*ause of their reaction with tester 
A and a lines. Lindegren suggests that “bisexual” heterokaryons arise in 
nature by the anastomosing of hyphae c:outaining A nuclei Avith hyphae con¬ 
taining a nuclei and that in cerlaiii conditions natural selection will act in 
favor of self-st(*rile h<*terokaryons. Tlie evidence of the i)resent ex])eriments 

Explanation of figures 1-5 

Fig. 1. 4*(ljiv (Miltums on potato-dextrose ag;o* of X-J(f a, X-10 J, X~11 o, {X~JO a 
t-.V-// rt), a lid {X--J(} A i-X-] J a), lleterokjirvotic vigor is shown hv the eomhinatioii 
involving two nintonts of the same mating tv]>e a but not by the eombinntion involving 
mntonts of different nmting type. Fig. 2. l-dny eolony from young perithceiuni of the 
X-W tvjie. X 8, Fig. 4 day eolony from young peritheeinm of the X-11 type, x 8. 
Fig. 4. 4*day eolony from young ]>eritheeia of the X-10 and X~11 types, x 8. Fig. 5. 
}*art of figure 4 showing the myeelia of X-IO and X-11 type growing side by side, x 25. 
Figures 2-4 were obtained by growing the colonies on cellophane strips (Fleming & 8mith 
1944) on plain agar, and mounting on mieroseope slides for photographing. Figure 5 was 
taken from the eolony illustrated in figure 4 after it had been fixed in fonnal-acetie, 
stained with chlorazol blaek and mountc'd in gum chloral. Photograjih and photomicro¬ 
graphs by E. Ashby. 
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and of the work of Kohler (1980) indicates that ^‘bisexual’’ hcterokaryons 
are not normally formed in this way. If the ‘‘bisexuar’ heterokaryons found 
by Lindegren originated by niy(*elial fusion they must have possessed factors 
permitting the vegetative association of A and a myeelia not present in the 
lines studied in these experiments. It is possible that these heterokaryons 
arose from ‘Mnsexual” s])ores. Lindegren (1984b) reported an exceptional 
ascus in N, crussa which had four large ascos])ores and four small **akary- 
otic’Lsjmres. The large spores gave rise to self-fertile cultures. Single conidial 
isolations were made from these cultures and, while most of these were ‘‘bi¬ 
sexual,’' some were “unisexnar’ as the result of somatic' segregation. This 
somatic segregation i)roves that the (uiltures were heterokai*yotic for the 
mating-type factors. Ascospores from self-fertilized pei*ithecia gave lietero- 
thallic “unisexual” cultures. 

Moreau and Moruzi (1982a, b, c) also obtained cultures from giant asc'o- 
spores of N. sitophila which were “bisexual” and self-fertile. They do not 
report the occurrence of somatic .segregation in thc‘se forms, but ascospores 
from the self-fertilized perithecia gave heterolhallic* cuiltures. The “bisexu¬ 
ality” in these instances also was almost c'crtainly due to the fact that the* 
c'ultures were heterokaryotic' for the .1 a factors. 

These “bisexual” heterokaryems arising in experimental material differ 
from the natural races invc'stigateci by Liudegrcji in being self-fertile. Sim*c* 
somatic segregation was observed in one case in which single conidia wei*e 
isolated, it is possible that the fertility is due to a reaction between the 
heterokaryou and segregated hoinokaryotic* myeelia. Tlie aiithor has also had 
some single-ascospore cultures which givc^ both A ajicl o reactions and appear 
to be heterokaryotic for the.se and othcu* factors. These cultures form selfc'd 
j)erithecia but rather sporadic'ally, as one would t‘X])ec‘t if [)erithcM*ial forma¬ 
tion is (lependejit upon the scnnatic segregation into one* or other of the '‘uni¬ 
sexual” types. 

Hormones and Sexual Reproduction in Neurospora. Morc^au and 
Moruzi (1981) claim that ])efithecial formation in .V. sitophila is caused by 
the stimulation of the mycelium of one mating-type by a hormone ])rc)duc;*ed 
by the other mating-type and may be independent of the fusion of two nuclei 
of opposite mating-types. Tlicw inoculated one mating-tyj)e into one arm of 
a U-tube containing cornmeal agar and the opposite mating-type into the 
other arm. Ripe perithecia were ])roduced in one ai*m of the tube and large 
sclerotia (incipient perithecia) in the other. The* authors describe ex|)eri- 
inents by which they claim to shoAv that myeelia do not ])ass from one arm 
to the other and therefore they attribute the formation of perithecia to the 
stimulation of a hormone. Dodge (1982) and Aronescu (1988, 1984) rei)eated 
these experiments and found that one type of my(‘elium grows into the other 
arm if air j)ocket8 are formed. Aronescu also dissect(*d and grew the asco- 
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si)ores from sinju:]e asoi and in every ease found a se^rej^-ation of the two 
matiiif^-types in a 1 ; 1 ratio. There is reason to suppose, tiierefore, that the 
U*tnbe method does not afford a satisfaetory means of keej)injr the two type*s 
of myeelium apart after air poekets develop in the enlture. Linde^ren 
(1984a) has siij 2 :f?ested that tlie line prodin'inj^ peritheeia in Moreau and 
Moriizi’s experiments is a self-sterile ‘4)isexual’’ heterokaryon and that hor¬ 
mones prod need by the seeond line neutralize the effe(*t of the self-sterility 
factors. More recently Moreau and Moreau (1088a, b) have made further 
experiments which appear to show the presence of a hormone ('uncerned with 
perithecium production in X. siiophUa and X, tcfraspcnna. Cultures of one 
ma1in^^-ty])e were ^rown on coiaimeal ajrar in a [)etri dish. AVlien the cultures 
were well ^n*own the a^^-ar was sterilized by heating: with steam without ])res- 
sure for 10 mijiutes, or by treatinji with ether or chloroform vapor. After¬ 
wards sam])les were taken from the a<rar and iiunibated, and at the same time 
the ajrar was inoculated with the r)pposite matin<>-ty])e. The sam]>les showed, 
no growth, indic'atinjr that the orit**inal mycelium had be(*n killed by the 
treatment, and the mycelia of the opposite matin<i-type showed perithecial 
formation, though somewhat irre^nilarly. This is taken to iudi(‘ate that peri¬ 
thecial formation is stimulated by a hormone not comph^tely stable at 
100'^ (\ Unfortunat(*ly Moreau and Moreau do not re])orl on the matiii^-ty])e 
I’cactions of the <mltui'es coming’ from such ])erith(‘cia. If the asci result from 
self-fertilization of a truly “unisexuar' ty])e thvy should produce spores of 
one matinjr-type only. If however they are the result of accidental contami¬ 
nation with the opposite matin‘»-type oi* of the eff(‘ct of hormone action on a 
dikaryoti(' potentially “bisexual” type, they shr)uKl ^ive cultures of both 
matin<.r-ty})es. It is (conceivable that a potentially “bisexual” type mijilit jrive 
one matiji^i-typc* reaction only but wheji selfed it should ^ive spores of both 
types. 

In the absence of evidence that the ascos])ores ])roduced by sellin»r induced 
lu'^ hormone a('tion are of one matiiej-type only, we must continue to believe 
that the sexual reaidion involves the fusion of two nuclei of o])])()site matin^^- 
typ(‘s. On the view that hormone action in itself is sufficient to induce ascus 
formation in a “unisexual” myeelium. (»ccasional selfed peritheeia would 
be expected to (x'i'ur in ordinary cro.sses. Thousands of asi-i have been dis- 
s<‘eted by the Linde^rens and otln*rs without such ])ei*ithecia having been 
found, except in lines whi('h (‘ould be shown to be heterokaryotic for matin<»- 
type. 

Sexual Reproduction as the Result of Hormone Action and the Fusion 
of Nuclei of Opposite Mating-Type. Then' is considerable evidence that 
sexual reproduction in Xcurospara dei)ends upon the fusion of two nuclei 
of opjmsite mating-types, and no conclusive evidence that it can (Recur with¬ 
out this. Nevertheh'ss, there are ('ertain reasons for supt)Osing that liormoues 
may play a part in sexual reproduction. 
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Single-spore enltiires of different matinf?-types, if kei)t isolated, can pro¬ 
duce sclerotia or incipient peritliecia. The extent to which these are produced 
depends upon the strain of funj^us and the cultural conditions. Both mating- 
types can produce these sclerotia under suitable conditions. Nevertheless 
they seem to be produced much more rapidly in the presence of the opposite 
mating-type, which may indicate that one mating-type secretes a substance 
stimulating incipient perithecium formation in the other. 

The behavior of self-sterile “bisexual” heterokaryous, which when 
brought into contact with a heterothallic line produce selfed as well as 
crossed asci, is best explained by assuming that the self-sterility is removed 
by the stimulus of substances produced by the heterothallic line. The experi¬ 
ments of Moreau and Moreau also appear to indicate the occurrence of a 
hormone connected with perithecium formation. 

It seems feasible that the formation of functional })erithecia is dependent 
upon a horiiume which can only be ])roduced by '‘unis(‘xual” lines or which 
is dependent for its formation on the interaction of lines of opposite mating 
type. On this hy])othesis the occurrence of selling in.a “bisexual” strain is 
believed to be due to the somatic segregation into one or more “unisexual” 
types, leading to perithecial formation. “Bisexual” lines that are self-sterile 
are believed to be so because of the suppression of somatic segregation in 
these lines. Self-fertilization may be induced in such types by bringing them 
into contact with “unisexual” lines of independent origin, with a conse(|uent 
stimulus to perithecium formation. 

If perithecium formation is dependent u]>on the presence of a “uni¬ 
sexual” line or the interaction of lines of opposite mating-types, it is clear 
that the production of somatic heterokaryous involving nuclei of opposite 
mating-types must not take place if sexual reproduction is to occur. This 
phenomenon by which heterokaryous may be readily formed by mycelia 
with nuclei of the same mating-tyi)e but not between those of opposite 
mating-type is probably very widespread. Zickler (19rl4) was the first to 
prove that in ('ei’tain heterothallic ascomycetes the sterile part or framework 
of a perithe(‘ium is not formed by an intermingling of hyiihal branches from 
both mating-types grown in the culture. On the (*ontrary, if a ])erithe(*ial 
primordium arising, for example, from a reddish-brown mycelium of Bom- 
hardia Imata is spermatized with spermatia from a greiuiish mycelium of 
opposite mating-ty])e, the mature perithecium will be reddish-bi’own; and 
vice versa, Hansen and Snyder (1943) describe two lines in Hypomyccs 
solani f. cucurhiiae, one with red, the other with white perithecia. In crosses 
between th(‘se two lines the perithecia are either red or white, indicating that 
only one mating-type goes to form tlie framework of a single perithecium. 
Vandendries (1934) described an a])parently similar type of behavior in the 
basidiomycete LenzUen bctulina (L.) Fr. In this species, there are four 
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matirifi-types depoiidin^i* upon two facdor-pairs, and there is a ^‘barraj^e 
sexuer^ between h and h' and independent of a and a\ 

Tlie capacity to form lieterokaryoiis may not be determined hy the mat< 
iug-type factors alone. Indeed one case was observed in which two mutants 
of the same matin<>:-type w^onld not form a heterokaryon Avhen ^rown to- 
ji’ether. It is possible that the reverse phejiomenon, by whicli modifying 
fa(!tors permit the vejretative association of lines of op])osite matin^^-type, 
may also occur. Such modifyiiifr factors would account for the behavior of 
the self-sterile bisexual” lieterokaryoiis described by Lindej>ren. Somatic 
se^rejration in such a type would be followed by re-fusion so that perithecium 
formation would not occnir. The effect of somatic se}i:rej>‘ation would also be 
neutralized if the sej^reji’ants had a lower jirowth-rate than the heterokaryon. 
However, this explanation would not a<'couut for the ''sterile” combinations 
between lines derived i'rom the ''bisexual” strains, whereas vegetative fusion 
would. 

In the heterothallic species, therefore, sexual reproduction seems to in¬ 
volve at least two types of reaction. The ])roduction of functional perithecia 
seems to be dejiendent upon the presence of "unisexual” lines, ])ossibly of 
two types, and the actual process of fertilization depends upon the fusion 
of two nuclei of ojiposite matin<r-type in the youiijr ascus. Sexual reproduc¬ 
tion therefore depends upon an intera<*tion between niifcelia of opposite 
matinj 4 -ty])e, in which hormone action may be concerned, as well as upon the 
fusion of nuclei of opposite matinj»-type. In the “homothallic” forms, the 
interaction betw(‘en mycelia of opposite matinjr-types has been eliminated. 
The ^‘bisexual” mycelium forms perithecia without any external stimulus. 
The way in whicdi the secondary hoinothallic type has evolved from the 
]u»terothal]ic one is a ])robl(U]i that requires fuj*ther investijjration. 

Beadle and (\)onradt (1944) siprjrest that the phenomenon of hetero- 
karyosis is a stej) in the evolution of a sexual reproduction. This assumes that 
the .1 a factors are true sex factors, llowevei*, it seems more probable that 
Nrnrosfwra is hermaphrodite and the A a factors ar(‘ moi*e closely related to 
iiK'ompatihility factors (Sansome & Philp 1932) since both types iiroduce 
asco^umia, the female sex orjrans, and microconidia which may correspond 
to spermatia. A consideration of the work of Zickler (1934, 1937) on Bom- 
bardia Inonin and tliat of Hansen and Sny<ler (1943) on Hypornyves solani 
f. cHCiirbiiae is in confirmation of this view. In BombonJio what appear to 
be true sex factors are inherited independently of the matinji‘-tyi)e factors. 
The ]n*imitive sexual ('onditioii was probably an S-spored hoinothallic type, 
heterothallism beinji* a derived condition. The ]>resent work indicates that 
het(»rokaryosis could not have been a step in the evolution of the heterothallic 
system, since a suppression of heterokaryosis is asso(uate<l with the mating- 
type factors. Heterokaryosis is probably a fairly primitive condition since 
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it is of widespread oeeurreiiee. On the other hand, it may liave evolved inde> 
pendently in different <jrroiips, espeeially since it is a very favorable condi¬ 
tion. It would appear to be the ideal condition for a multimicleate, relatively 
undifferentiated organism because of its extreme flexibility, <rivin<^ the possi¬ 
bility of rapid adaptation to dilferent conditions. The hetei-othallic s])ecies 
such as Neurospfua crassa arc able to form heterokaryons within each 
matin<r-ty])e and under suitable conditions sexual reproduction takes place 
between opposite matin<»-1y])es. In the secondary '‘liomothallic'’ types such 
as N. tefraspernui the A a nuclei are associated tlirou^rhout the life history 
and there is no restriction on hetcrokaryosis. 

SUMMARY 

The following; evitlciu'c indicates that lieterokar>oiis are not normally 
formed involvinji' the A and a factors in ^V. cvassa. The A and a nuclei appear 
to be kept apart until the time of sexual reproduction atid an* ])robably 
broujrht into association by Avay of the ti*icho<*yne. 

-V-cS A and XA) A cultures readily form heterokaryons with j-;reatly 
increased vi^or. a and A'-9 A combiimtions nmiain mutant in appear¬ 
ance. Hy])hal tip isolations from j)erithecia of this combination <rave 18 cul¬ 
tures of A'-.S type and 30 of X~9 type. In a second cross, from which eijiht 
perithecia Avere isolated, 101 hyjdial tip cultures all of A"-/y ty})e were 
obtained. 

In a similar experiment involvinji' tAvo Turther mutants, A"-/0 and X-lt, 
it was found that the colonies formed by individual i)eritliecia could be 
(dassified as X-10 or X-11 in ty])e. Fifty-four i)eritl)ecia of A'-70 type* and 
28 perithecia of X-11 ty])e were isolated. Ha ))hal tij) isolatiihis from tlie 
X-IO ty})e perithecia Avere X-IO tyj)e in a])pearance, and small inoculum 
transfers from the X-11 tyj)e of ]>erithecium were X~ll type in ap]>earance. 
All such isolations were “unisexuar' and when tested the X-U> type were A 
and the X-11 type Avere a in matiJi^-tyix* reaction. 

These results are discussed in relation to the behavior of the ‘Miomo- 
thallic’' s])e(-ies N. ti iraspvrma and to 1heori(‘s on the role of hormones and 
nuclear fusion in .sexual reproduction in Ncurospora. 

The experiments de.s(‘ribed iji this paper were commenced at tin* Depart¬ 
ment of Oenetics of the Faniejiie Institution of AVashin^ton, Cold Spriiijr 
Harbor, New York, and finislie<l at the Departnnmt of Cryi)to»:amic Botany 
of the University of Manchester. The author wishes to thank the directors 
and .staffs of these departments for their help and encoura<rement, and Di’. 
B. 0. Dodfi:e and Prof. F. J. Ryan for critical reading’ of the manuscript and 
helpful sujjffre.stions. 

Department of Cryi>to(jamic Botany 
University of Manchester 
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SELF-STERILITY IN “BISEXUAL’^ HETEROCARYONS 
OF NEUROSPORA 

B. O. Dodge 

In the Avork on hetevoearyotie vi^or in Nan^ospora tciraspcrma (Docljre, 
Schmitt & Appel, 1945) Ave found at times that certain factors must be inter- 
ferinji: with the orderly develojmient of peritheida in cultures of some of the 
fi heterocaryoti(* scfrrej’ant races. If avc consider merely the obAious effects, 
there appeared to be at least tAvo or three kinds of stei'ility. (1) Many ])eri- 
thecia developed to full size in the culture, but no asci ever arose in them. 
The full functioning’ of the matin<i-tA ]>e factors had been blocked, but not 
until the frameA\’ork of the ])erithecium had been completed. The sterility 
factors became effective first at the critical stajre of sexual reproduction, 
namely, at the formation of ascoj^enous hyphae. It mi^ht haA^e been a sim}).le 
matter to eliminate these interfering: factors, but our pu'oblem Avas to folloAv 
the complementing’ factors for hetero(*aryotic Aujror as they were handed down 
by the parent races alon^^ Avith the stei-ility factors re^ardh'ss of how much 
trouble the latter ^^ave us Avhen it came to genetic considerations. (2) Some 
of our bisexual fi hetex*ocaryotic races <rreAV vi<>orously in (uilture, but only 
a \evy few perithecia made their appearance. Kaces in this j>roup Avere of 
tAvo kinds. The few peritluMua that Avere finally developed in certain cultures 
delimited many ascospores, Avhile no asci AAcre formed in ])ei*itlie(da of othei* 
races. (3) No perithecia were ever formed in cultures of certain races which 
\yeYe later proA^ed to be hetenx'aryotic for matinjx tyj)e factors. It Avas be¬ 
lieved that the operation of the ‘‘sterility” factoi*s in croups (2) and (3) 
above Avas merely one of decree of tiie sterility affceded, rather than a differ¬ 
ence in the nature of the factors Avhich limited the number of peritlnuda in 
a culture. 

Experiments Avith breeding races of X, sitophila wJiich Avill be deseu’ibed 
later seem to afford one possible explanation for the sterilities in <:»’i*on)^s (2) 
and (3) of A. icirasperma iioted above. The same explanation may apply to 
the “bisexual” self-sterile heterocaryotic races of X. crami discussed by 
Linde^ren (1934) and by Sansome (1946)» and to certain (Toss-steriliticfS 
between tAvo unisexual races CA^en though they are of o])posite matinjr types. 

Aronescu (1933), Avorkin^ in this laboratory AAUth certain non-conidial 
races of A. diophua^ made crosses bedAA^eeu two ra(‘es, one of Avhich developed 
lar^e numbers of incipient perithecia, and the other of which produced very 
few if any of these receptive strindiires. She isolated the eij^ht spores fi*om 
some of the Pi a.sei and proved for the first time that the factors control I inpr 
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the relative abuiulani'e or paiieity of iiieijhent peritheeia produced by indi¬ 
vidual races are se^a-e*^ated at meiosis. She could not carry on this work to 
its theoretical conclusion. That is, she did not mate or p:row together in cul¬ 
ture two races of opposite mating-type, each of which ])roduced by itself an 
abundance of incipient peritheeia, and then by contrast groM' together two 
ra<‘es of opposite mating-type, neitlu^r of wliich developed by itself any of 
these receptive bodies. This the writer has now done. The results of siu'h 
matings, as well as brief studies made on a few ‘‘wild type” conidial races 
from bread from various localities, will be reported here. 

The raises employed by Anmescu were obtained by mating two non- 
ronidial rac'cs of .V. silophiJa originally described by the writer (1930). She 
did not give the full pedigree of the strains she used but it is certain that 
they were both direct descendants from the mating 50.2 56.6. Both these 

i*a(*es originally prodm^ed an abundance of ineipient peritheeia. Backus 
(1939) em])loyed them in his excellent work oii “(‘onidiation.” The writer 
has carried these rac(*s in culture for 17 years. Race 56.2, mating-type a, has 
not (‘.hanged materially, but ra('(‘ 56.6, }nating-ty])e A, no longer produces 
in(*i])ient peritheeia. ^Ve shall from now on refer to these receptive bodies 
as “protoperilhecia,” a good term (‘oined by Buller. The symbol P will be 
used to d(*signat(‘ a race that produ<*es by itself protopei’ithecia, and p will 
be used to designate a race that i)roduces few if any of them. 

Ascospores from the mating 56.6 > 56.2 were sowed on plates of Difeo 
])otato-dextros(» agar and then given the heat treatimmt. Some 200 or more 
single gei'iuinating ascospores were isolated and grown in tubes. These cul¬ 
tures were obs(*rv(»d rrecjuently for .s(*veral weeks to determine whiidi ones 
})roduced. protoperitluM'ia and which ones did not. In the meantime the mat¬ 
ing-type, A or (/, of each of 152 of these fi .segregant races was determined. 
The tester ra(*es used were 56.2, mating-type (/, and fi ra(*es Xos. 36, 39? 44, 
and 50, which wei-e mating-type .t. All live testers pi'odiiced many proto- 
]>erithecia. The residts of these te.sts were as follows: 73 were mating-type A 
and 79 were mating-ty{)e a: 72 were P. producing ])rotoperithecia, and 80 
were }>, producing few if any protoperithecia ; or 34 PA ; 38 Pit ; 39 j)A; 41 
})(f, that is, 77 old combinations to 75 new (combinations. There was no evi¬ 
dence of linkage. 

From the 80 ra(‘t*s which did not seem to produce })rotoperithecia Ave chose 
thirty-four ra(*es at random. Fourteen of these hapi)ened to be mating-type 
-1 aiid twenty were tyj)e a. These Avere divided into two grou})s each of 
Avhich included seven of mating-type A and ten of ty]>e <t. Within each 
grouj) the races Avere groAvn together in pairs in all combinations of the 
A and a ty])es, and che(‘ks with the parent rac('s 56,2 and 56.6 Avere also 
included. The cultures of the mated races Avere observed for several AA’eeks 
or until they dried out. Not one of the 140 mixed cultures produc(^d peri- 
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thecia. No pA race fruited with a pa race, and no pa race fruited with the 
tester 56.6, which is pA; but all the pA races so far as tested fruited with 
the tester 56.2, which is Pa. Zickler (1934), working with Bomhardia lunata, 
indicates by his diagrams that he was unable to obtain peritfaecia when he 
cross-spermatized two races neither of which produced protoperithecia. He 
does not state, however, that he also grew his two races together in the same 
culture. 

So far as our experiment goes we must believe that either the one or 
the other of the two races mated most produce protoperithecia if fertiliza¬ 
tion leading to production of perithet'ia is to be consummated. We found 
no evidence that a race pA could stimulate the formation of protoperithecia 
by a race pa. or vice versa. This does not mean, however, that a race which 
is producing a few protoperithecia in a culture may not b# induced to pro¬ 
duce additional protoperithecia, as Kansome (1946) also appears to believe, 
by a change in the medium, by the addition of hormones, by the introduction 
of some other race into the same culture, or by the application of micro- 
conidia or monilioid conidia. It is clear that u'henever a race which has been 
proved to be heterocaryotic for mating-type factors A and a fails to produce 
perithecia, it may well be that neither component of the heterocaryon could 
produce protoperithecia if grown by itself. 


Heretofore whenever we have grown races 56.2, Pa, and 56.6, pA, to¬ 
gether in culture, protoperithecia always developed. It would be curious 
reasoning to call this a dominance of P to p, or to say that protoperithecium- 
formation is a dominant character, especially as we have not yet proved 
that a mingling of these two mycelia in culture ever results in hetero- 
caryosis. This work should be carried on further in the light of Sansome’s 
report (1946) that in the obligately heterothallie species, N. craxsa, one can 
readily obtain heterocaryotic races by growing two different races together 
provided these races are o:^ the same mating-type, but not when they are of 
opposite mating-tj’pe. The writer, working with the same '‘Abbott” race 
of N. ertussa has fully confirmed the latter part of her claim. The first part 
would also be confirmed if we grew our race 56.6, which is pA, with race fi 
200, for example, which is PA; or grew race f, 210, Pa, with race f, 280, pa. 
In hdth eases protoperithecia will be formed in the cultures but one will 
not know whether or not the mycelium is really, heterocaryotic until both 
components, either pA and pA or Pa and pa, can be isolacted fw>m a 
mycelium derived from a single-tip isolate from the suspected heterocaryon. 
Would it not be illuminating to find that the heterocaryons, either {Pa-pa) 
or (jPA-pA), would not produce protoperithecia in culture! It would be 
difficult to refute the argument that p is dominant to P and therefore we 
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sboald transpose our symbols. The writer was much disturbed by the results 
of certain plate culture experiments which showed a sort of composite effect 
of a type of “dominance” such as just hypothesized above. 

“dominance” in MUIiTI-SPOIffi CULTURES 

The plate cultures from which the 200 or more germinating ascospores 
had been isolated, as noted earlier, were set aside for several weeks. Many 
germinating ascospores still remained in each plate and these spores had 
continued to grow. There were, therefore, probably two or three hundred 
different fi myeelia in each plate. Approximately 50 per cent of these 
mycelia must have carried the factor P for protoperithecia and the rest 
must have carried p. The mating-type factors, A and a, must also have been 
equally represented. Theoretically, protoperithecia and later peritheeia 
should have developed in these plates. Such was not the case, however; 
none of these bodies was found ill the cultures even after several weeks. 
Believing that some faulty technique or culture conditions were responsible 
for this apparent “dominance” of the factor p, we repeated the experiment 
three times sowing as before many ascospores on plates of potato-dextrose 
agar. After heat treatment it was seen that many ascospores had germi¬ 
nated, but none of them was removed from the plates. The results were the 
same as before. No protoperithecia and no ascoearps ever developed in any 
of the eight different plates, although in each there must have been a hun¬ 
dred or more mycelia of eatjh mating-type and fifty per cent of thm would, 
if isolated and grown by themselves, have jiroduced protoperithecia. Since 
no receptive bodies were ever developed in the plates no peritheeia could be 
expected to form. The failure of such multispore cultures to produce proto¬ 
perithecia was probably merely a reaction to unfavorable culture conditions 
brought about by the excessive dosage of germinated ascospores. It has 
nothing to do with dominance. A similar experiment but made with a differ¬ 
ent culture medium might have resulted quite differently. 

The wTiter is indebted to Mr. Charles Beall for isolating over 200 germi¬ 
nating ft ascospores from the mating 56.2 x 56.6. He recorded that of the 
162 ft races studied 107 were judged to produce few if uny protoperithecia. 
Observations made after his cultures had dried out, however, proved that 
quite a few of these cultures had actually good protoperithecia which had 
been overlooked. Only 53.2 per cent of those checked failed to produce 
receptive bodies. In both sets of our experiments the numbers of races that 
failed to produce protoperithecia were somewhat in excess of those that 
developed these bodies. 

Aronescu (1933) inoculated the medium in one arm of a tf-tuhe with two 
races of N. sitophila, one of which was eonidial and the other non-eonidial, 
the two races being in each case of opposite mating-types. Peritheeia soon 
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der^oped in the first arm at the point of inoculation. In due time mycelial 
hypfaae appeared at the surface of the medium in the second arm. In both 
U-tuhes figuied in her plate 14, the mycelia that finally appeared in the 
second arm bore conidia. Was this a proof of heterocaryosis attained, and 
of the dominance of O' to cf The answer is no. She proved that only one of 
the two mycdia used in the 86 experiments ever arrived in the second arm. 
The one that got started first or had the faster inherent growth rate was 
the one that “dominated” the situation. Aronescu did not in any case inocu¬ 
late the one arm with non-conidial and eonidial races both being of the same 
mating types. She did prove, however, that heterocaryosis was not consum¬ 
mated in any case where the two races were of opposite matiiig-types. 

Certain other experiments involving tests for mating-types indicate how 
badly one can be misled by superficial appearances when judging hetero- 
caryotic conditions and so-called dominance in mixed cultures. A few' 
examples wdll illustrate this point. Voth 2, Voth 5, Wall, Sands, HSS fi, 1, 
5, 8,15, and 24 were all eonidial, mating-type A. Voth 4, HSS ff, 17, 22, 28, 
and 33 were all eonidial, mating-type a. Bach of these races was grown 
separately in mixed culture with race 56.2, non-conidial. mating-type a. 
The mixed cultures Voth 44 56.2 ( 04 - 0 ) and Wall 4 56.2 (A + a) produced 
many characteristic orange-colored conidia, while all the other mixtures 
■with 56.2 were albinistic and practically iion-couidial. All mixtures of oppo¬ 
site mating-types produced perithecia, proving that both races in each case 
grew wrell. The races in mixtures 56.2 4 -HHS it, 33 and 56.2 +HSS fi, 17 
were of the same mating-type and so both mixtures could have been hetero- 
caryotic. Some would claim that c was dominant to C. In mixture 56.2 + Voth 
4 (A + a) however the C was “dominant” to c. 

PROTOPERITHECIA ON WTILD-TTPE MYCEtlA. 

Shear and Dodge (1927) noted that certain races of Neurospora pro¬ 
duced numbers of little “sclerotia” or “bulbils,” as they called them, while 
other races produced very few of them. The following year the writer (1928) 
said; “Mycelia of species of Murospora produce coiled structures which 
very likely are morphologically equivalent to sex organs.” It was not until 
later (1932, Dodge & Swift 1933) that it was pro'ved experimentally that 
the “sclerotia” of Neurospora are receptive structures. Since then we have 
been eyeful to keep as our tester races only those that develop incipient 
perithecia when grown alone. Whether or not races being tested produced 
them was usqally not recorded. 

The failure of race Dwarf 16 (Dodge, Schmitt & Appel 1946) to produce 
protopjprithecia could be due to the blocking effects of the dwarf factor v. 
This s&aie dwarf race does not produce the monilioid conidia in culture, but 
it has beai proved genetically that it carries the factor € for conidia. This 
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factor C is also blocked, or prevented from expressing its iCjBEeeta, by the 
dwarf factor v. 

During the past year we have received several samples of moldy bread 
from various sources and so have been able to make a few more observations 
on the production of protoperithecia by wild-type races of N. sitophUa. The 
‘ ‘ Beallrace, mating-type ^4, for example, produces very many large proto¬ 
perithecia. The **Sands’’ race, also mating-type A, produces many definite 
protoperithecia, but they are small. A sample of moldy bread “HSS” was 
brought in by students of the Bronx High School of Science. Cultures from 
the bread produced some perithecia and so must have originally contained 
both mating-types. Many single tip cultures were all unisexual, mating-type 
a. Fifty single ascospore cultures were also studied. Thirty-five of these 
races were tested for mating-type. Eighteen were A and 17 were a. None of 
these races produced easily recognizable protoperithecia in any abundance 
on a malt extract agar medium. However, one could usually find scattered 
here and there quite a few small colorless bodies which could probably func¬ 
tion as protoperithecia. It is such races as these that should be studied more 
extensively. We know from earlier studies that some races produce proto¬ 
perithecia that continue to grow to reach the size of mature perithecia 
without fertilization. This HHS material represents races which do not 
develop characteristic protoperithecia, that is, receptive bodies easily seen 
with a hand lens, and which turn brown after a few days. 

Professor P. D. Voth sent us several different cultures of N. srtophila 
taken from bread in Chicago. None of these produced what might be called 
‘Hypieal” protoperithecia. VotJi 4, mating-type a, grown in plate cultures 
on cornmeal agar seemed to be entirely devoid of protoperithecia for a whole 
week, yet when conidiated with the Sands race this plate developed quite a 
few good perithecia and also numbers of good protoperithecia which were 
confined to the spot conidiated. 

The writer, after some study of the wild-type races mentioned above; is 
not in a position to warrant any conclusions whatever on this matter of pro¬ 
duction of protoperithecia. Receptive bodies may often consist merely of 
differentiated special hyphal branches which would be called ascogonia. If 
they were not conidiated or spermatized they might not go on to grow into 
what we call protoperithecia. Whether or not production of ascogonia or 
protoperithecia is regulated by a single pair of factors is still a question. 
The results of the experiments with the non-conidial races 56.2 and 56.6 
seemed to show rather definitely that factors P and p had been segregated 
according to Mendelian principles at reduction. No such clear cut segrega¬ 
tion was evident when we studied such wild type races as the HHS and 
Voth races. Nevertheless, it is clear that in all studies of sterilities or incom¬ 
patibilities which are concerned with the production of perithecia it is im- 
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portant to determine whether (and to what extent) the races being analyzed 
are capable of producing receptive bodies, be they simple ascogonia or the 
more complicated protoperithecia. 

The New York Botanical Garben 
New York 
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SPORANGIAL PROPAGATION OF BLUE MOLD FUNGUS ON 
ASEPTICALLY GROWN TOBACCO SEEDLINGS 

/ 

Robert A, Steinberg 

Permospora tabacina Adam, which is the cause of the blue mold disease 
of tobacco, can be propagated only on its host. Its freedom from extraneous 
microorganisms cannot, therefore, be brought about by standard culture 
methods. The desirability of pure culture is apparent for nutrition studies 
with the fungus, and perhap.s for cheeking symptoms obtained with this 
disease in nature. 

It has been found possible to grow the fungus on oue-month-old tobacco 
seedlings propagated aseptically in 200-ec. Erlenmyer flasks on 50 cc. of a 
mineral agar. The seedlings were grown at room temperature under 500 foot 
candles of intermittent or continuous light provided by 3500® white fluores¬ 
cent lamps. Details of the procedure will appear elseAvhere.^ Seedlings of 
Maryland medium broadleaf and Xantlii Turkish proved satisfactory. In¬ 
oculation of seedlings w'as on the low’er leaf surfaces. A straight sharpened 
needle was used to pick up a bit of filter paper pulp from sterile suspension, 
rubbed over a leaf covered with sxiores and placed on a healthy leaf. Almost 
invariably infection took place if the leaf tissue was injured and the mix¬ 
ture of spores and pulp applied at this point. 

The flasks were then kept in the bottom of a lighted refrigerator^ in a 
glass moist chamber at 45-50® F for 7 days. They were then removed from 
the moist chamber and placed in the top of the same refrigerator where the 
temperature w^as about 72® P. Spores began to appear on the upper surfaces 
of the inoculated leaves on the seventh day and increased in profusion up 
to the twelfth day. Viable spores were still present after infected plants 
were held in the lighted refrigerator for a total of 3 wrecks and stored in the 
dark at 41® P for 2 additional weeks. Excellent propagation of the fungus 
was also possible at a uniform temperature of 59® P, obtained by a 25-w’^att 
tungsten lamp in a refrigerator of 5 cubic feet capacity. 

The fungus w^as maintained in this manner for over a year, a total of 
27 successive transfers. All contaminating microorganisms had disappeared 
by the third transfer. The symptoms of infection were similar to those in 
nature, except for greater profusion of .spores on upper instead of lower leaf 

1 Steinberg, Bobert A. Growth responses to organic compounds bj tobacco seedlings 
in aseptic culture. Jour. Agr. Bes. 

Frederick A. k Meliean, Butb A. Sporangial proliferation in Peronospara 
tabacina. Phytopathology SO; 264-268. 1940. 
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surfaces. Othet leaves of the plant than those inoculated often became in¬ 
fected. Blackening at the base of leaf midribs and of stems indicated the 
path of the fungus was, in some cases, through these tissues. Roots of infected 
plants remained apparently healthy. 

Good sporulation was obtained on leaves detached immediately before 
inoculation, the bases of which had been plunged into the agar. Turgid seed¬ 
lings growing on agar that had almost dried completely also permitted pro¬ 
fuse sporulation of the fungus. 

Light appeared necessary for sporulation, since no spores were formed 
if the flasks were wrapped in black paper during the latter 2 weeks of the 
3-week period. Absence of light during the fungal vegetative period (first 
week after infection) retarded sporulation partially or completely, depend¬ 
ing probably on the completeness with which light was excluded. Those seed¬ 
lings in which sporulation was thus suppressed remained healthj" subse¬ 
quently. Growth of the seedlings after infection in a stream of C02“free 
air appeared to be without influence on development of the fungus. Growth 
of the fungus, therefore, would seem independent of the immediate products 
of photosynthesis. The fungus could not, however, be propagated sporangially 
on seedlings killed by vapors of carbon tetrachloride, ammonia, or alcohol. 

Attempts to cultivate P. tabacim on media proved uniformly unsuccess¬ 
ful with many standard and experimental formulae. Materials aiding germi¬ 
nation of spores always proved ineffective for growth in media. Germ tubes 
10 or more times the spore diameter w^re often formed before growth 
stopped. The absence of all growth in these tests also served as a demonstra¬ 
tion of the absence of contaminating microorganisms. Included in the dif¬ 
ferent media tested were sap of the tobacco plant and various enstymes—all 
of which had been rendered aseptic through filtration. 

Agricultural Research Administration, United States 
Department op Agriculture, Bureau op Plant Industry, 

Soils & Agricultural Engineering, 

Beltsville, Maryland 
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STRUCTURE AND REPRODUCTION OF TRICHOGLOEA 
REQUIENII, WITH A COMPARISON OF THE 
GENERA OF HELMINTHOCLADIACEAE^ 

George F. Papenfuss 

In spite of the fact that the Nemalionales are better known than any 
other order of the red algae as regards the developmental morphology of the 
genera, there are still, as in all large groups of organisms, a number of gaps 
to be filled before the outline of the picture is complete. Among the genera 
requiring study is the tropical genus Trichogloea. It belongs to the family 
Helminthocladiaceae, which includes among others the classical Nemalion as 
well as such familiar names as Helmmthocladia, Helminthora, and Liagora, 
The material for the present study was collected in Hawaii during the years 
1941 and 1942. 

Butters (1903) has given a good account of the structure of the thalius 
and has described and illustrated certain stages in the development of the 
reproductive organs of one species. Nonetheless, the steps that lead up to 
the formation of the mature gonimoblast are not well enough understood to 
allow a detailed comparison with related genera. 

As in Liagora, the thalius is lime-inerusted and the genus may at times 
be mistaken for the latter. This resemblance is purely superficial, however, 
for by the position and form of the carpogonial branch and by the develop¬ 
ment of the gonimoblast and associated structures, Trichogloea shows itself 
to be more closely related to Nemalion than to any of the other genera of the 
Helminthocladiaceae which have been investigated. Before taking up the 
structure and reproduction, it may be well to give a brief summary of the 
history and geographical distribution of the genus and to discuss the reasons 
for identifying the plants studied with T. Requienii (Mont.) Ktitz. 

The genus Trichogloea was established by Kiitzing in 1847 upon a plant 
from the Red Sea which Montague (1843) had described a few years earlier 
as Batrachospermvm Requienii. Since that time, two additional species have 
become known: T, lubrica J. Agardh (1876) and T. subnuda Howe (1934). 
For a complete record of the early literature on the genus, reference should 
be made to the “Sylloge Algarum” of De Toni (1897). 

After the description by Montague, T. Requienii w^as reported from the 
Red Sea for a second time by Zanardini (1858), who also gave the first good 
illustration of the habit of this alga. Later, the species was recorded from 

* The publication of the illuatrations has been assisted by .the Lueien M. Underwood 
Memorial Fund. 
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Madagascar (Piiger 1908), Mauritius (B^rgesen 1942), Ceylon and the 
Malayan Archipelago (Weber-van Bosse 1921); and to judge from the 
descriptions and illustrations of Okamura (1923,1930, 1936), it seems tery 
likely that the plants from Japan which he has referred to T. lubrica are also 
representatiTC of T. Bequienii. The species is here reported for the first time 
from Hawaii. 

Trickogloea lubrica was described bj' J. Agardh in 1876 from a specimen 
of the plant which Harvey had distributed as no. 46 of his “Friendly Islands 
Algae" under the manuscript name Liagora lubrica. Subsequently the spe¬ 
cies was reported from various places other than the Tonga Islands. None of 
these records, however, seems to be based upon true T. lubrica. The reports 
from Mauritius by Jadin (1934) and others have been .shown by B)!(rgesen 
(1942) to apply to T. Bequienii, those from Hawaii by Tildan (1901b) and 
Butters (1903) have been found by Howe (1934) to be based upon T. sub- 
nuda, and in the paragraph above the opinion is expressed that the reports 
from Japan apply to T. Bequienii. The only other records of T. lubrica are 
those from Guadeloupe (cf. De Toni 1897) and Barbados (Vickers 1905) in 
the West Indies. These reports are probably based upon an undescribed 
species, which may be identical with the plant from Bermuda (Collins and 
Hervey 1917; Howe 1918) which passes under the manuscript name of T. 
Herveyi Setehell. 

The third species of Trickogloea, T. svjrnuda, was described by Howe 
(1934) from material from Hawaii. In the same paper, he also pointed out 
that the Hawaiian specimens which Tilden (1901a) had distributed as 
Nemalion ramulosum Harv. under no. 419 of her “American Algae, Century 
V” actually were T. subnuda. This material was also published by Tilden 
(1901b) under the name T. lubrica and part of it formed the subject of a 
paper by Butters (1903) entitled “Observations on Trickogloea lubrica.” 
Thus far T. subnuda is known from only two localities on the island of 
Oahu: Kahuku Point, where it was obtained among the driftweed by Miss 
Tilden in Jnne, 1900; and Ii[aneone Bay, where it was secured by OaltsofE in 
July, 1930. Both these stations are situated on the northeastern side of the 
island. Most of the writer’s specimens of T. Bequienii w'ere collected along 
the southern shores of Oahu. 

As will be seen from the photographic reproductions which Howe (1934) 
has given either of the type or of authentic specimens of the three validly 
published species of Trickogloea, T. lubrica is a much more robust plant 
than either T. Bequienii or T. subnuda. The plump habit of T. lubrica is 
also sh^w by a dta)licate of the original material of Harvey (Friendly 
Itdax^a Algae, no. 43) which is in Herb. Univ. Calif, (no. 696847) as well as 
by a photograph in this Herbarium of the Tonga Islands specimen of Harvey 
whi<^ ia in Herb. Sydney Bot. Garden, 





432 


BUlijSTIN W THE TOMftET CLUB 


[Vot. T8 


In habit, the Hawaiian specimens studied by the . writer (fig. 1) differ 
Trery much from T. luhrioa. The plants are identified with T. Bequienii 
rather than T. subnuda, which, as has been said, was described from Hawaii 
by Howe, because the cells of the carpogonial branch give rise to com¬ 
paratively well developed sterile or so-called involucral filaments. 

In T. submida, these filaments, according to Howe, are of a rudimentary 
nature. In fact, this is the structural feature upon which the specific name is 
based and the one whereby T. subnuda is most readily distinguished from 
both T. Bequieni'i aud T. lubriea. Howe established this from a comparison 
of T. subnuda with authentic material of T. Bequienii and T. lubriea. In the 
two latter species, he found the sterile filaments to show more or less the 
same degree of development. 

The observations of Howe on the nature of the sterile filaments of T. 
subnuda and T. Bequienii have been verified by the writer from examination 
of an example of T. subnuda which Miss Tilden distributed as no. 419 of her 
“American Algae,” and of a fragment of the female type of T. Bequienii, 
which was obtained from Museum Hist. Nat. Paris by the late Professor 
Setchell. 

In their irregular manner of branchipg the witer's Hawaiian plants 
also show greater agreement with T. Bequienii than with T. subnuda. In the 
latter, the branches are more or less dichotomous in arrangement (cf. Howe 
1934, fig. 1). 

In Hawaii, T. Bequienii is a spring and summer annual. The earliest 
record of the season w’as obtained from specimens which were collected at 
'Waikiki on February 24,1941, and the latest record was furnished by plants 
which were secured on August 23, 1941, on the shore below Diamond Head. 
The plants obtained on February 24 were up to 7 cm. high and already 
fertile; and those collected on August 23 still contained reproductive organs. 

The material used in this study was fixed in a slightl.v modified solution 
of Karpechenko.’ This fixative the writer has found very useful for marine 
algae. In Addition to being a good fixing agent, Karpechenko’s solution has 
the merit of leaving no apparent deleterious effects even when material of 
most algae is allowed to remain in it for several days. The advantages of this 
to one who wishes to fix material while on a few days' collecting trip, with 
little or no time, nor facilities for washing and dehydrating, are obvious. 
Owriiig to its comparatively high acid content, Karpeehenko’s fluid also has 
the utility of completely decalcifying such lime-inerusted algae as Liagora, 
{}al(mmra, and Trithogloea, 

Selected parts 9 f the plants were stained in 1 per cent anilin blue ac- 

jL This solution was made up as foUows: Part A—chromic acid 1 gm., glacial acetic 
acid 5' CO., sea-water 65 cc. Fart B—commercial formalin 40 ce., sea water 35 cc. Parts A 
and B are separately and equal amounts are mixed as required. 
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wording to the usual procedure with this dye. The small pieces were next 
treated with 1 per cent hydrochloric acid for about fifteen minutes, washed, 
run up to about 70 per cent glycerine, mounted in pure glycerine, and 
crushed by applying pressure to the cover-glass. With a little practice the 
suitable degree of dissociation of the tissues is easily obtained. The facility 
with which the tissues will separate depends largely upon the consistency of 
the thallus and the length of treatment with hydrochloric acid. 

Structure of the Thallus. The habit of Trtehogloea Bequienii is indi¬ 
cated in figure 1. Structurally the thallus agrees with that of T, suhnuda, the 
anatomy of which has been described and illustrated by Butters (1903) 
under the name T, luhrica. A brief account will consequently suffice here. 

As in Nemalion and other Helniinthocladiaeeae. the thallus is composed 
of a central tissue of intertwined, branched, colorless filaments, from which 
issue numerous radiating, branched, assimilative filaments (fig. 2). The basal 
cells of the assimilatory branches send out from their proximal ends de¬ 
scending, but at times also ascending, filaments which contribute to the 
multiaxial core (fig. 2). In addition, the primary and later orders of as¬ 
similatory filaments also give rise to higher orders of similar filaments. All 
radially directed filaments usually remain simple, however, for a distance 
of eight or more cells inward from the periphery of the thallus (fig. 2). 
When mature, these unbranched portions of the assimilative filaments are 
composed of cells which are moniliform near the surface but become progres¬ 
sively longer and narrower toward the center of the thallus (fig. 2). In young 
assimilatory filaments (figs. 3, 4), the bead-like form* of the cells is less 
striking. Mature assimilative cells contain a large, parietal, lobed chroma- 
tophore and a centrally located i)yrenoid. 

Hairs are of common occurrence in T, Bequienii, They are initiated as 
papilloid outgrowths and usually issue from the terminal cell, but at times 
also from the penultimate cell, of the assimilative filaments (fig. 5). The 
primordium is separated from the mother-cell at an early stage by a 
transverse wall (figs, 6, 7), and then grows out into a long, unicellular hair 
(fig. 17, to the left). Full-grown hairs may attain a length of 0.9 mm. and 
possibly more, and are of a hyaline appearance, except at the extreme tip, 
where the cytoplasm is dense. At any one time, a cell bears but one hair. 
The hairs are ephemeral and may be more or less completely lacking in old 
plants or older parts. In vigorously growing parts, a cast-off hair is usually, 
or at least frequently, replaced by a new one (fig. 7). Several crops of hairs 
may thus be produced by a cell. Not infrequently a new’ hair may be in the 
course of formation while the old one is still intact (fig. 17, to the left). 
Often the new hair is initiated at the place of attachment of the preceding 
one and can be seen projecting into its empty base. An old hair is shed as 
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Fias. 2-16. Trichogloea Reqvienii, Fia. 2. Part of dissociated thallus showing a few 
of the longitudinal axial dlaments (at the lower end) and two of the radiating, assimilative 
filaments, x SOO. Flos. 3, 4. Young assimilative filaments, x 600. Figs. 5-7. Early stages 
in the formation of hairs from the terminal cells of assimilative filaments, figure 7 also 
showing the jempty bai^ of a shed hair. x600. Fio. B. Distal end of an assimilative 
filament and the basal part of an old hair, which shows an early stage in the formation 
of thi^ constriction whi^ brings about the abscission of hairs, x 600. Fios. 9-13. Stages 
in th^ development of ant^ridia, figures 9-12 being optical median longitudinal sections 
of the terminal ends of assimilative filaments and figure 13 an optical transverse section of 
an assimilative cell, x 775. Figure 9 shows cells which are in an early stage of cutting off 
antheridial mother cells, one of which has formed an antheridium. Figures 10-13 repre* 
sent oldmr atages, mature antheridia being shown in figures 11-13. Figs. 14-16. Early 
stages pf. Ihe development of carpogonial branch, x 600. In figure 14 the young carpo- 
goniam mill contains a chromatophore, figure 15 shows a stage at which the chromatophoco 
has tfiroicetii dow^ and in figure 16 the trichogyue is just being formed. 
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the result of a constriction which develops immediately above its place of 
insertion (fig. 8). For a summary of knowledge concerning the hairs of 
Florideae and their probable function in the absorption of nitrates reference 
should be made to the accounts of Rosenvinge (1911) and Kylin (1937, pp. 
37-38). 

Development of Antheridia Although Trichogloea Eequienii is ordi¬ 
narily dioecious, occasional plants are monoecious. T. subnuda on the other 
hand, is monoecious according to both Butters (1903) and Howe (1934). 

The antheridia are formed on the distal cells of the assimilatory filaments 
(figs. 9-12). From one to five successive cells may be concerned in their pro¬ 
duction. Usually the terminal cell remains sterile (figs. 10, 11) but in rare 
instances it also becomes fertile (fig. 12). Not infrequently the subterminal 
cell, as well as the terminal cell, or at times even the one below it, remains 
sterile. In T. subnuda, on the other hand, to judge from the account and 
figures of Butters, the terminal cell of a fertile filament usually forms 
antheridia. 

The first step in the production of antheridia is the formation of anthe- 
ridial mother-cells. These arise as proliferations which become separated 
from the vegetative ceils (fig. 9). The mother-cells are first formed at the 
distal end of a cell (fig. 9) but soon afterwards also from its basal end. The 
antheridia are initiated as outgrowths that are cut off from the terminal 
ends of the mother-cells (fig. 10-13). Each antheridial mother-cell may at 
any one time contain from two to four antheridia, three being the usual 
number. 

The mature spermatium is set free in the usual floridean fashion by 
escaping through a split which is formed at the tip of the antheridium. As 
the spermatia are liberated, new antheridia are formed by the mother-cells 
and frequently they are situated within the empty cases of former 
antheridia. 

Development of Carpogonial Branch and Gonimoblast. Carpogonial 
branches'are formed in abundance in the younger, terminal parts of the 
thallus. In smaller numbers, they occur also in older parts. 

In Trichogloea the carpogonial branch is a modified assimilative filament. 
This is the case in Nemalion also (cf. K.vlin 1930, p. 8; 1937, p. 197) but is 
in contrast to that in the other genera of Helminthocladiaceae. In these the 
carpogonial branch is formed as an accessory branch by a cell of the radial 
filaments of the thallus, and is a specialized organ from the time of its 
inception. 

According to Cleland (1919), the carpogonial branch of Nemalion can 
be recognized even in the one-celled stage. This, however, is not the case in 
Trichogloea. Here the future carpogonial branch is morphologically indis- 
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,Fioe. 17-23. Trichogloea BequieniL Fig. 17. Almost mature carpogonial branch (to 
the right) and its supporting assimilative filament, whose terminal cell bears a mature hair 
and is in course of initiating a new hair, x 315. Fig, 18. Mature carpogonial branch with 
the cytoplasm of the hypogynous cell somewhat denser than that of the cells proximal to it 
and two of the cells bearing young sterile filaments, x 750. Fig, 19. Carpogonial branch 
shortly after fertiHx^tion of carpogonium. x 750. The cytoplasm of the carpogonium is 
separating from that of the trichogyne, the chromatophore of the hypogynous cell is 
brehking down and the cytoplasm has become dense, and sterile filaments are in an active 
8tat0 qt formation and growth. The ehromatophores of the cells of the carpogonial branch 
pmrimal to the hypogynous cell and of the cells of the sterile filaments are not indicated. 
Fjos. 20-23. Early stages in the development of the gonimoblast. x 750. Fio. 20. Carpo- 
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tinguishable from a young assimilative filament. Staining also fails to bring 
out differences. The carpogonial branch first becomes recognizable at the 
time that the carpogpnium is being differentiated. In such stages the terminal 
cell, or young carpogonium, of a fertile filament (fig. 14) is frequently a 
little larger than the apical cell of a young assimilative filament of com¬ 
parable age (fig. 3). At this time, the young carpogonium still contains a 
chromatophore. Somewhat later (fig. 15), the carpogonium undergoes fur¬ 
ther enlargement, its chromatophore starts to break down and its cytoplasm 
begins to assume a homogeneous, dense, darkly-staining quality. Conse¬ 
quently such stages may easily be distinguished from young vegetative 
filaments. 

Figure 16 shows the trichogyne of the carpogonium in an early stage. 
It will be seen that this carpogonial branch, like those shown in figures 15, 
17, and 18, is composed of eight cells. The number of cells varies between 
five and ten; usually it is seven or eight. When fully developed, the tricho¬ 
gyne is about three times as long as the remainder of the carpogonial branch 
and projects well beyond the surface of the thallus (fig. 17). The cytoplasm 
of the trichogyne is homogeneous and faint except at the extreme tip, where 
it is fairly dense (fig. 17). 

Before fertilization, the cells of the mature carpogonial branch proximal 
to the hypogynous cell begin to initiate sterile filaments (fig. 18). Additional 
sterile filaments are formed after fertilization has occurred, as will be 
discussed later. 

At the stage indicated in figure 18, the cytoplasm of the hypogynous cell 
also begins to assume a dense, darkly-staining quality. Such a change has 
also been reported by Butters as occurring in this cell of the mature 
carpogonial branch of T. suhntida. 

Noticeable signs that fertilization has taken place are the separation of 
the cytoplasm of the carpogonium from that of the trichogyne, a withering 
of the trichogyne, a breaking down of the chromatophore of the hypogynous 
cell and a further increase in density of its cytoplasm, and an accelerated 
production of sterile filaments (fig. 19). 


gonial branch whose fertilized carpogonium has become divided transversely into a small 
stalk cell and a larger (distal) primary gonimoblast cell. The chromatophore of the cell 
below the hypogynous cell has degenerated. Those of the other cells of the carpogonial 
branch and of the cells of the sterile filaments are not indicated. Fio, 21. Part of a 
carpogonial branch, showing the first division of the primary gonimoblast cell. The 
ehromatophores of the cells of the sterile filaments and of the cells of the carpogonial 
branch proximal to the cell below the hypogynous cell are not indicated. Fia. 22, A young 
gonimoblast and part of the carpogonial branch and its sterile filaments* The unstippled 
cells contained chromatophores while those of the other cells had broken down and tlie 
cytoplasm had taken on a dense, homogeneous appearance. Fio. 23. Optical longitudinal 
section of a carpogonial branch and a gonimobla^ which is slightly farther advanced than 
the one shown in figure 22. The five lower cells of the carpogonial branch and the cells of 
the sterile filaments issuing from some of them still contained chromatophores. 
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The gonimoblastTproduciiig function of the fecundated carpogonium 
next becomes evident. In T. Bequienii the gonimoblast is initiated by a 
transverse division of the carpogonium. The gonimoblast develops frpm the 
distal of the two cells so form^. This primary gonimoblast cell is alwa3n5 
larger than the lower so-called stalk cell (fig..20). 

The stalk cell undergoes no further division, while the primary-gonimo¬ 
blast cell by division gives rise to the gonimoblast. The first division is 
always by a wall which is oblique with reference to the, preceding cleavage 
plane (fig. 21). According to Butters, the first division of the primary 
gonimoblast cell of T. suhnuda is by a tranvserse wall. His figures illus¬ 
trating this are not entirely convincing but if this is so, we have another 
feature whereby T. suhnuda could be distinguished from T.ftequienii. 

The further development of the gonimoblast is illustrated in figures 
22-26. It will be seen that the derivatives of the primary gonimoblast cell 
form a globular aggregation of cells (figs. 22,23), which sCrve as the start¬ 
ing points of radiating, branched gonimoblast filaments (fig. 24). The 
terminal cells of these are transformed into Carposporangia (figs. 25, 26). 

Concurrently with the growth and development of the gonimoblast, a 
number of striking changes take place in the cells of the earpogonial branch 
and of the sterile filaments. 

Starting at the distal end, there is a progressive degeneration of the 
chromatophore of the cells of the earpogonial branch and an increase in 
density of their cytoplasmic content. A« has been pointed out, one of the 
early signs that fertilization has oceuri-ed is the breaking down of the 
chromatophore of the hypogynous cell and an accompanying increase in 
density of its ej'toplasm (fig. 19). In the stages shown in figures 20 and 21, 
this secondary effect of fertilization had advanced to the cell below the 
hypogynous cell. In those depicted in figures 22 an5 23, it had progressed 
to the second cell and in that shown in figure 24 to the third cell proximal 
to the hypogynous cell. Ultimately, when the gonimoblast approaches ma¬ 
turity, this change is observed to have taken place in all the cells of the 
earpogonial branch; and at times even the supporting cell will have been 
affected (fig. 26). 

During the, later phases of maturation of the gonimoblast, the cells o^ 
thfr earpogonial branch undergo another conspicuous change. There is first 
|i gradual widening of the, pit-connections between them. This change, like 
^e one described above, takes place in a progressive sequence, starting at 
the basal cell of the gonimoblast and extending downward to the lowermost 
cell of the carpofonial branch. Thus, in advanced steles, it is found that 
the, originally narrow pit-connections have become wide canals (fig. 25). 
.In ^h Btag^, it is still possible to recognize the limits of the individual 
cells^ But later, when the gonimoblast is full-growp, a complete coalescence 
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of the cells mil result in the establishment of a large fusion or placental cell 
{fig. 26). In addition to the cells of the carpogonial branch, this cell in¬ 
corporates the stalk cell, the basal cells of the gonimoblast and a few of the 
cells of the sterile filaments. At times the lowermost cell or two of the 



Figs. 24-26. Triehogloea Beqnienii. Fig. 24. Optical longitudinal aectidn of a 
carpogonial branch and a young gonimoblaat. x 750. In the solidly stippled cells the 
chromatophore had degenerated. Fig. 25. Almost mature gonimoblast with earposporangiu 
in an early stage of formation, x 750. Fig. 26. Mature gonimoblast and its placental cell. 
X 360. hyp. c., hypogynous cell. 

carpogonial branch do not participate in the formation of the placental cell. 

It is of interest that a similar fusion-cell is neither maitioned nor il¬ 
lustrated by Butters as occurring in 3^. suhnuda, and to judge from his 
figure 16, which is of a mature gonimoblast, it seems reasonably safe to 
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coBclude that actually a placental cell is not formed in this species. If this 
is so, the absence of a fusion-cell in T. subnuda would not only be an addi¬ 
tional but a very clear-cut feature distinguishing it from T. Bequienii The 
likelihood of this difference receives indirect support from the fact that 
exactly such a distinction obtains between species of the related Helmmtho- 
cladia. Here a fusion-cell is formed in H. PapenfuBsii (Martin 1939) but 
not in H. C 0 lvado$ii^ (Kylin 1930). 

Finally, with respect to the post-fertiljzation changes, it is necessary to 
consider the growth, function and ultimate fate of the sterile filaments. 

It was mentioned earlier that, previous to fertilization, the cells of the 
mature carpogonial branch proximal to the hypogynous cell begin to 
initiate sterile filaments (fig. 18)^ and that additional ones are formed after 
fertilization (fig. 19). During the earlier phases of devei&pment of the 
gonimoblast, these filaments through growth and branching give rise to a 
loose aggregation of cells about the carpogonial branch (figs. 20-24).* At 
first the cells are provided with a chromatophdre, but in correlation with 
the growth of the gonimoblast there occur a disintegration of the chro- 
matophores and an increase in density of the cytoplasm (figs. 22-24). It will 
be recalled that similar changes take place in the cells of the carpogonial 
branch during these phases of development. 

According to Butters, sterile filaments are not formed in ST. subnuda pre¬ 
vious to fertilization. However, this point requires substantiation inasmuch 
as he (Butters 1903, p. 18) states that *‘Ko entirely mature and unfecun¬ 
dated procarps were seen.’’ In Nemalian! multifiditm (Kylin 1916, p. 265) 
the sterile filaments begin to appear, as in T. Bequienii, before fertilization 
has been effected. With respect to the position of these filaments, it may be 
noted that Nemalion and Trichogloea are the only genera of Helmintho- 
cladiaceae in which they a^ise from the cells of the carpogonial branch. In 
other genera they either spring from cells in the immediate vicinity of the 
carpogonial branch or are entirely lacking. Their identical position in 

2 The specific epithet of Hetmini^ocladia calvadosii (Lamour.) Setchell is customarily 
written with a capital ^ ^ C. ” This is not necessary, because the name bringing synonym 
Vumontia calvadosii Lamouroux (in Duby 1830, p. 941) commemorates the French de¬ 
partment of Calvados. The species was first mentioned as a nomen nv4um by Lamouroux 
in volume 5 (1824) .of ‘‘Diet. Class. Hist. Nat.'' (Not “Diet. Hist. Nat.,'' as sometimes 
cited.), 

^ filger (1908, fig. 1) illustrates a cai-pogonial branch of T. Bequienii in which the 
hypogynous cell bears a sterile filament. Since his figures are rather diagrammatic, one 
may question the accuracy of this delineation. In T, subnuda they are not formed by the 
hypogynous cell (Butters 1903). 

4 Schmitz (1896, fig. 203e) has illustrated the sterile filaments of T, Bequienii as 
extending well beyond the gonimoblast. However, his figure is so reminiwjent of the 
condition in Selmmthora divarioatd, as illustrated by Thuret and Bomet (1878, pi. 32, 
figs. 10), that it probably is representative of this species. Neither Pilger (1908) nor 
B^rgesen (1^2) found the filaments to extend beyond the base of the gonimoblast. 
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Nemalion and Trichogloea is further evidence in favor of the belief that 
these two genera are more closely related to each other than to other genera 
of Helminthocladiaceae. 

The sterile filatnents of Helminthocladiaceae have usually been regarded 
as performing a kind of protective role and have frequently been designated 
as involucral filaments. Although this may conceivably be their function in 
certain species of Helminihocladia and Liagora such is not the case in 
Trichogloea, Here, as in Nemalion and certain other Nemalionales (cf. 
Kylin 1937), the sterile filaments constitute a nurse tissue which supplies 
the gonimoblast with nutrient materials. This is particularly clear from a 
study of advanced stages of the gonimoblast. In such stages (fig. 26) it is 
observed that the originally narrow pit-connections of the sterile cells have 
become wide canals, the cells have lost their dense content, and the walls 
have undergone gelatinization. Old stages give the impression, moreover, 
of having suffered a loss of sterile cells (compare figs. 24 and 26), which sug¬ 
gests a possible disintegration of some of the cells after the complete ab¬ 
sorption of their content by the placental cell and gonimoblast. 

As has been mentioned, a few of the lowermost sterile cells become in- 
(‘orporated in the placental cell. If the carpogonium is not fertilized, the 
sterile filaments of T. Requienii develop into ordinary assimilative filaments. 

Monosporangia, such as has been described by Svedelius (1917) for 
Helminthorn divaricata and by Abbott (1945) for Liagora farinosa were not 
observed. 

Comparison of the Genera of Helminthocladiaceae. In the foregoing 
])Hges comparison was repeatedly made between Trichogloea and its 
elosest ally, N(malion, Attention was also drawn to certain points of agree¬ 
ment with or departure from other related genera. It now seems desirable 
to make a somew'hat comprehensive comparison of all genera of Helmintho¬ 
cladiaceae which have been investigated. 

In addition to Trichogloea and Nnnalion, this family, as now delimited, 
includes the following eight genera : Helminihocladia^ Hclminthora, Liagora^ 
Dermonema, Cumaghia, Ardissonea^ Endosira, and Dorella. The last five 
are monotypic.^ 

Detailed developmental studies have been made of representatives of 
seven of the genera. Nothing or at best very little is known concerning the 
development of Ardissonea, Endosira, and Dorella,^ and they consequently 
have to be left out of the following discussion. 

^ The genus Dermonema used to he credited with two species, D, dichotamvm and D, 
gracile, but Weber-van Bosse (1921) has shown that these binomials apply to the same 
plant, whose name should be D, gractlc (Mert.) Sehm. However, it was recently established 
by B0rg68eu (1942) that the corrwt name was D. Frappieri (Mont, k IMillard) B0rg. 

^Dorella was described by Weber-van Bosse (1921) from a plant from tbe East 
Indies, which she distinguished from Mdmmthocladia by its lack of sterije filaments about 
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In s^reement with the majority of Nemalionales, the family Helmintho- 
eladiaeeae is composed of forms that are haplobiontie. Although differing 
in detail tiie genera of this family also show close anatomical correspond^ce. 
In all of them the thallus is multiazial and the assimilative tissue is in the 
form of radially disposed, branched filaments which issue from the central 
strands. In Liagora and Trichoghea the thallus is lime-incrusted. 

As to the male reproductive organs, there are differences in the position 
and arrangement of the antheridia and their mother-cells on the assimilative 
filaments, but here again a good deal of agreement obtains among the 
genera. 

Significant differences exist, however, with respect to the position and 
nature of the carpogonial branch and the development of the gonimoblast 
and associated structures. 

As has been pointed out, the carpogonial branches of Nemalion and 
Triehogloea are modified assimilative filaments. In the other genera, with 
the possible exception of certain species of Liagdra, they are formed as spe¬ 
cialized, accessory filaments by cells of the- assimilative tissue. (In Der- 
monema they occur on the inner, colorless cells of the assimilative tissue 
system; Svedelius 1939.) To judge from the illustrations of Yamada (1938, 
pp. 30-34) it seems likely that in the section Mucosae of Liagora the carpo¬ 
gonial branch is a modified assimilative filament. 

With respect to the early development of the gonimoblast, it is to be 
noted that this structure develops from tl^e distal of the two cells formed in 
consequence of the first division of the fertilized carpogonium in Tri- 
ckogioea, Nemalion (Kylin 1916), Helminthora (Thuret and Bornet 1878; 
Kurssanow 1909; Kylin 1928) and Liagora (Kylin 1930), while iu Helmin- 
ihocladia (Kylin 1930; Martin 1939) both the first-formed cells participate 
in the production of the gonimoblast. In Demwnema (Svedelius 1939) and 
Cumagloia (Gardner 1917; Kylin 1928; Smith 1938) gonimoblast filaments 
issue directly from the sides of the carpogonium. No transverse division of 
the carpogonium occurs hare. {In Dermonema the fertilized carpogonium 
first establishes a connection with the supporting cell.) The mature gonimo¬ 
blast is a comparatively compact, globose aggregation of cells arranged in 
filaments in all genera excepting Dermonema and Cumagloia, in which it is 
a diffuse, filamentous structure. 

The formation or non-formation of a placental cell is an unstable feature 
which in certain instances even varies in species of the same genus. Thus 
a fusion-eeU is formed in Triehogloea Eequienii (fig. 26) but apparently not 

the goain^biaet, its nasU stature, and its unbranehed thallus. Inasmuch as Kylin (1030) 
has dinwn that one of the European iqiecies of Belminthooladia lai^s sterile filaments and 
^ee aiae and the absence or presence of branching are characters of questionable genetic 
value, it beeomes doubtful if Dorella should be retained. 
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in T, subnv4a (Butters 1903, fif?. 16), In Helminthocladia Papenfussii, 
Martin (1939, figs, 20, 21) observed a well-developed placental cell while 
such a cell, according to Kylin (1930), is not formed in H. calvadosii Al¬ 
though a placental cell is formed in Nemalion muliifidum (Kylin 1916) this, 
to judge from the figures of B0rgesen (1915-1916), is not the case in all 
species of this genus. In Liagora viscida^ Kylin (1930) observed the forma¬ 
tion of a fusion-cell, but the figures of B0rgesen (1915-1916) and Yamada 
(1938) suggest that such a cell is not formed in certain other species of 
Liagora, Only one species of Helminthora, H, divaricaia^ has been thoroughly 
studied and in it a placental cell is not formed (Kylin 1928). According to 
Smith (1938), a partial coalescence of the cells of the carpogonial branch 
occurs in Cvmagloia and from the work of Svedelius (1939) it may be con¬ 
cluded that this is the case in Dermonema also. 

In regard to the presence or absence of sterile filaments about the carpo¬ 
gonial branch or gouimoblast, there again is a good deal of variation among 
the genera and in some instances even among species of the same genus. 
In Trichogloea sterile filaments are present. They arise from the carpogonial 
branch and begin to be formed at least in T. Requienh before fertilization 
has taken place. The same is true of Nemalion (Kylin 1916). In these genera, 
the filaments have no protective value but function as a nurse tissue to the 
gonimoblast. In ffelminthora sterile filaments are also formed. They are 
initiated after fertilization has occurred, and spring not from the cells of 
the carpogonial branch but from the two vegetative cells immediately above 
the supporting cell (Kylin 1928). According to Fritsch (1945, p. 614) the 
filaments arise from the second and third cells of the carpogonial branch. 
This, however, is a misinter})retation of the statement and figures of Kylin. 
The sterile filaments of Helmmthora perform a protective as well as a 
nutritive function (Kylin, op, cit,). 

In Helminthovladia sterile filaments of a protective kind are present in 
the South African H, Papenfussii (Martin 1939). They are formed after 
fertilization has taken place and arise from the vegetative cell immediately 
above the supporting cell. In the European H, calvadosii, on the other hand, 
sterile filaments are not formed according to Kylin (1930). The observations 
of Kylin are at variance with those of Schmitz (1896) and Rosenvinge 
(1909), who also worked with European material. Schmitz does not specify 
the species upon which his observations were made, but Rosenvinge studied 
H, purpurea, which is regarded as synonymous with H, calvadosii,^ Martin 
(op, cit,) has suggested that Kylin, who studied material from the Atlantic 
coast of France, may have had a species which was different from that 
studied by Schmitz and Rosenvinge. (Rosenvinge’s material came from Den- 

7 Rosenvinge describes the sterile dlaments as issuing both from cells of the carpo¬ 
gonial branch and eells of the supporting filament. Their origin from the carpogonial 
branch is in need of substantiation. 
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mark.) This seems veiy likely, especially since Helminthocladia is repre¬ 
sented in Europe by a second species, B. Hudsoni; and according to Hamel 
(1930) these species at times closely resemble each other. 

Sterile filaments do not occur in Liagora viscida (Kylin 1930), but 
filaments of a protective kind are formed from the vegetative cell (or cells 1) 
below the supporting cell in a variety of species of Liagora (cf. B0rgesen 
1915-1916; Yamada 1938). Cumagloia entirely lacks sterile filaments (Kylin 
1928), and they apparently are not formed in Dermonema either (Svedelius 
1939). 

On the basis of its diffuse gonimoblast, Schmitz in 1896 erected for 
Dermonema the subfamily Dermonemeae. If this subfamily is to be retained, 
it is clear from the investigations of Gardner (1917), Kylin (1928), and 
Smith (1938) that Cumagloia also is to be assigned to it. 

Prom his recent study of Dermonema, Svedelius (1939) is inclined 
toward elevation of the Dermonemeae to the status of family. However, as is 
apparent from the preceding comparisons,' Dermonema and Cumagloia show 
so many features of correspondence with other Helminthoeladiaceae, that 
there seems to be little justification for separation even as to subfamily. 

In these two genera, the gonimoblast is fanned by the entire carpogonhim 
instead of as in the majority of other genera by the distal of the two cells 
resulting from its first division. However, in Helminthocladia the entire 
carpogonium also operates in the production of the gonimoblast, even though 
in some species it first divides by a transverse wall. 

In Helminthocladia, as in the majority of Helminthoeladiaceae, the ma¬ 
ture gonimoblast is a compact mass of cells. In Dermonema and Cumagloia, 
on the other hand, it is a diffuse structure. Inasmuch as the gonimobla.st of 
these three genera is initiated in much the same way, that is, from the entire 
carpogonium, it would seem that the diffuse condition in Dermonema and 
Cumagloia as contrasted with the compact state in Helminthocladia is to be 
looked upon as primarily a difference of form. 

The condition in Dermonema and Cumagloia has parallels, moreover, in 
the related family Batrachospemiaceae, Here a diffuse gonimoblast occurs 
in Sirodofia (Kylin 1912; Skuja 1931a) and in Nothocladus (Skuja 1934), 
and what is even more significant, in at least one species of Batrachoxpcr- 
mum, B. orthostichiim (Skuja 1931b), a genus which is otherwise character¬ 
ized by a compact gonimoblast. 

The evidence at hand thus seems to favor retention of Dermonema and 
Cumagloia within the family Helminthoeladiaceae. 

, SUMMARY 

Although the order Nemalionales is better known than any other order 
of red algae in regard to the development of the gonimoblast, a number of 
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ontstanding gaps remain. One of the genera of the famity Helmintho- 
cladiaceae of which but little is known is the tropical Triehogloea. 

The material for the study of this genus was secured in Hawaii. The 
reasons for identifying the plants with T. Bequienii are discussed and an 
outline is given of the history of the genus and of the geographical distribu¬ 
tion of its three species. 

As in lAagora, the thallns is lime-incrusted. Structurallj’- it agrees with 
other Helminthocladiaceae. That is, the thallus is composed of a central 
tissue of intertwined, branched, colorless filaments, from which issue radi¬ 
ating, branched, limitative filaments. Hairs grow out from the terminal 
and rarely the subterminal cells of the assimilative filaments. 

Ordinarily, T. Bequienii is dioecious, but occasional plants are monoe¬ 
cious. 

The antheridia are formed on the distal, subterminal cells of the 
assimilative filaments. 

The majority of carpogonial branches are formed in the younger parts 
of the thallus. As in Nemalion, the carpogonial branch is a modified as¬ 
similative filament. Before fertilization, the cells of the carpogonial brmich 
proximal to the hypogynous cell begin to form sterile filaments, the 
chromatophore of the carpogonium degenerates, and its cytoplasm becomes 
homogeneous and dense. 

After fertilization, the carpogonium divides by a transverse wall. The 
proximal of the two cells so formed, the stalk cell, undergoes no further 
division w’hile the distal cell, the primary gonimoblast cell, by division gives 
rise to the gonimoblast. When mature, the gonimoblast consists of a globose, 
comparatively compact, aggregation of cells arranged in filaments. The 
terminal cells of these become transformed into earposporangia. 

During the early phases of development of the gonimoblast, there is an 
accelerated production of sterile filaments by the carpogonial branch. These 
filaments function as a nurse tissue to the gonimoblast. 

Concurrently with the development of the gonimoblast there also occurs 
a degeneration of the chromatophore of the cells of the carpogonial branoh 
and an accompanying increase in density of the cytoplasm. In later stages 
there is a widening of the pit-connections between these cells, which resiilts, 
ultimately, in a complete coalescence of the cells and the establishment of a 
large placental cell. 

Finaly, a comparison is made of the genera of the Helminthocladiaceae 
with particular reference to the position and nature of the carpogonial 
branch and the development of the gonimoblast and associated structures. 
The evidence at hand shows that Triehogloea and Nemalion are more closely 
related to each other than to other genera of this family. The criteria in 
support of the suggested elevation of the subfamily Dermonemeae, which 
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inetodes Dermonema and Cumagloia, to the rank of family are analyEed. It 
is concluded that there is not at present sufficient ground for separation 
even as subfamily. 

Department of Botany, University op Caupornia 
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CYTOGENETICS OP DATURA PASTUOSA L. 

P. N. Bhaduri and a. K, Sharma 

INTRODUCTION^ 

Dutura has become classic amongst the cytologists owing to the sustained 
work carried on for years by Blakeslee and his collaborators. They have been 
eble to isolate nearly 100 distinct and different races of Patura, now known 
as prime types. These races of Datura have been shown to have originated 
principally through segmental interchange. Of 53 prime ^rpes, 5 have beeh 
found occurring in nature, each differing from the others with respect to 
particular interchange. 

In India, Datura stramonium and Datum arborescens occur mainly in 
Sikkim and the surrounding localities. Tjhe latter species occurs also in 
Khasi Hills. Another species, Datura fastuosa,^ closely related to Datura 
stramonium, occurs throughout the plains of India. The two varieties of 
Datura fasiuosa, commonly known as the white and black Daturas, are 
common weeds of waste places throughout India. The two, varieties produce 
forms in nature which differ mainly with respect to leaf, stem, and flower 
characters. The two strains are distinguished mainly by the presence or 
absence of anthoeyanin pigment in the body of the plant. In the black strain, 
the stem is black, as are also other parts of the body. 

Gates (1942), in his review on the nucleolus and related structures, cited 
the condition in D. stramonium as an exceptional case where, according to 
Satina, Bergner and Blakeslee (1941), a high number of satellites has been 
observed. This observation apparently contradicts the theory of numerical 
correspondence between satellited chromosomes and the number of nucleoli. 
In the light of the above report, a study of the chromosome-nucleolus re¬ 
lationship in the related species Z>. fastuosa was undertaken. 

As has been mentioned already, a large number of forms of this species 
occur in nature. An examination of these forms is expected to throw some 
light on the cytological basis of such variation, as will also be evident from 
the^statement made by Dr. W. Burns (1944) in his presidential speech on 
^‘Genetics, taxonomy and ecology’^ which we quote below: ‘‘The common 

1 The authora are indebted to Professor B. B. Gates for eontinued encouragement and 
for Id^ly going through the manuscript and to Prof. 8. P. Agharkar, head of the do- 
par^ent of Botany, for giving facilities to complete this investigation. 

t Br. Gates has also made certain minor modiBcations in the manuscript, and, because 
of tbe tiaae which would be lost by transmission to India, has read the proofs. 

* This is the name commonly used in India for Z>. metel. See Bergner 1943. 
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weed of waste places, X>. fastuosa, is found in several forms differing in sise 
and shape of leaf and flower. I should not wonder if a careful study of this 
species should yield results of a similar nature to those obtained by Blakeslee 
in his classic work on D. stramonium in America.” 

HATERIAL AND METHODS 

The material for the present investigation was obtained from the fol¬ 
lowing: Datura fastuosa (black) and Datura fastuosa, var. alba (white). 
Morphological variations are met with in both varieties, but in this respect 
the latter shows a greater degree of variation than the former. The ir¬ 
regularities are mainly manifested in the shape, size, color, and arrangement 
of the leaves as well as in flower color. The black variety exhibits variation 
only as regard the different shades of blackness on the vegetative organs 
and in floral parts. In some, it is present in higher degree, giving the stem 
a jet black color, while in others the deep purple color is restricted to the 
nodes. Between the two extremes are intermediate t 3 'pes. 

In both the above the fixing of somatic chromosomes in root-tip cells 
presented considerable difSeulties. Root-tips collected from established 
seedlings did not prove to be fruitful, as they were very slender and as 
good somatic plates with properlj’ fixed chromosomes could not be obtained 
from them. Fullj' imbibed mature seeds were first kept in a cold room having 
a constant temperature of 74° P; after 2 days, these were placed again in 
a warm place. This change of temperature was found to give the necessary 
stimulus for breaking the dormancy, and healthj’ root-tips were then ob¬ 
tained from the germinating seeds. Several fixatives with various proportions 
of the ingredients have proved to be unsatisfactoi-y in this case, shelving once 
again why the morphology of the somatic complement could not be made out 
previously. Blakeslee and his collaborators have obtained good results in 
fixing the root-tips of D. stramonium in a fluid containing 5 parts of 1 % 
chromic acid and 4 parts of 10 % formalin, but in the present material this 
fluid has proved to be of little use. Best results were, however, obtained by 
fixing the root-tips between 12 noon and 2 p.in. in a fluid containing 4 parts 
of 1 % chromic acid and 7 parts of 10 % formalin. After the usual paraffin 
embedding of the root-tips, sections were cut 16 p thick. Premordanting 
overnight in Lewitsky’s fluid (1:1) before crystal violet staining gave best 
results. For the study of meiotic chromosomes, Flemming’s medium fluid 
gave best results. The paraffin sections of the flower buds were cut 20-22 p 
thick and a premordanting overnight in 1% chromic acid became neces¬ 
sary before crystal violet staining. Permanent smear preparations were also 
made, for which the material was fixed in Belling’s modification of Nava- 
^diin’s solution. For the study of nucleoli in the dyad and tetrad stages 
and in the root-tip cells Feulgen-light-green staining was applied. After a 
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^ies of attempts, fairly good results were obtained by first mordanting 
tibe preparations ovemigbt in tiie Belling-Navashin ^‘A” soluticm before 
proeeeding ydtb the Feulgen-light-green staining. The carbonate mordant 
(saturated solution of sodium carbonate in 80% alcohol) was used as dif¬ 
ferentiating solution for the light green stain (see Semmens and Bhaduri 
1939, 1941). 

The figures were drawn at a table magnification of approximately 3600 
times, using a compensating eyepiece No. 18 and a 1.3- apochromatic 
objective. 

DATURA FASTUOSA (BUACK) 

The common black Datura, D. fastuosa, has 24 chromosomes in the root- 
tip cells. The number corresponds with the preAdous reports made by Belling 
and Blakeslee (1923), Vilmorin and Simonet 41928), Bhaduri (1938), and 
Baghavan and Srinivasan (1942). Prom a critical observation of a large 
number of well fixed plates, it was found that the chromosomes of this 
species could be classified into eight different types, clearly distinguishable 
from each other by their size differences and the relative positions of primary 
and secondary constrictions. The eight types (figs. 1, 9) are as follows. 

1. A pair of long chromosomes with submedian primary constriction 
(AA). 

2. Three pairs of long chromosomes with median eonstriction (BB, 
CC, DD). 

3. A pair of medium-sized chromqaomes with nearly subterminal pri¬ 
mary constriction and a big satellite attached at the shorter arm (EE). 

4. A pair of medium-sized chromosomes with almost median primary 
constriction and a satellite attached to one of the arms (PP). 

5. A pair of medium-sized chromosomes with submedian primary con¬ 
striction (QQ). 

6. A pair of medium-sized chromosomes with median primary constric¬ 
tion (HH). 

7. A pair of small chromosomes with subterminal primary constriction 
and a satellite attached to the longer arm (II). 

8. Three pairs of small chromosomes with median primarj* constriction 
(JJ,KK, LE). 

Jn the prophase stage of root-tip cells, six chromosomes were seen 
distinctly attached to the nucleolus (fig. 2). The morphology of these 
chromosmnes corresponded with the nucleolar chromosomes found in the 
meiaphase plate. Six nucleoli were also seen in the telophase stage of root- 
tip deUs, one pairtbeing big, one pair intermediate, and the other pair small 
infsize (fig. 3). Meiosis in the pollen mother-cells was found to be normal. 
In'^plotene and diakinesis, regular chiasma formation and different con¬ 
figurations due to terminalization were evident (fig. 11). The 12 bivalents 
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seen in nietaphas^ disjoined regularly at anaphase (figs. 12,' 13). Daring tibe 
second meiotic division, irregular separation, leading to the fOTmation of 13 
and 11 chromosomes at the poles, was observed in a small percentage of 
mother-cells. Tetrad formation was of the simultaneous type. 



Fios. 1-4. Datura fastuosa. Pio. 1. Somatic metaphaso plate showing 24 chromosomes 
including 6 nucleolar ones. Fig. 2. The 6 nucleolar chromosomes attached to the fused 
nueleoltts. Fig. 3. Telophase nucleus showing 3 homomorphic pairs of nucleoli. Fig. 4. 
Dyad nuclei each containing 3 nucleoli. Fios. 3-8. Datura fastuosa car. alba. Fra. 3. 
Somatic metaphase plate showing 24 chromosomes including 8 nucleolar ones. Fio. 6. 
The 8 nucleolar chromosomes attached to the fused nucleolus. Fro. 7. Telophase nucleus 
showing 4 homomorphic pairs of nucleoli Fio. 8. Dyad nuclei each containing 4 nucleoli. 
Figs. 9-10. Idiograma of the two varieties D. fastuosa and D. fastuosa var. alba. 

The dyad nuclei often showed the presence of 3 nucleoli in each, one big, 
one intermediate and the other small in size (fig. 4). It can be stated, there- 
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fore> tliat the big, the intemediate, and the small form three homologous 
pairs, Amongst these the intermediate and the small nucleoli have been seen 
to remain adpressed on the surface of their respective chromosomes. , 

DATURA FASTUOSA VAR. ALBA 

The common white Datura has the same chromosome number as the 
black one. Here the 12 pairs of chromosomes could be classified; into 9 
different types. The morphology of the chromosomes in this variety has 
been found to be slightly different from the other. The nine different types 
were clearly distinguishable from each other by their size and the relative 
positions of primary and secondary constrictions in the chromosomes. The 
nine different types are as follows (figs. 5, 10). 

1. A pair of long chromosomes with submedian primi^ry constriction 
(AA). 

2. Three pairs of long chromosomes with median primary constriction 
(BB, CC, DD). 

3. A pair of medium-sized chromosomes with nearly submedian primary 
constriction and a satellite attached at the shorter arm (EE). 

4. A pair of medium-sized chromosomes with median primary constric¬ 
tion and a satellite attached at one arm (FF), 

5. A pair of medium-sized chromosomes with submedian primary con¬ 
striction (QG). 

6. A pair of medium-sized chromosomes with median primary con¬ 
striction (HH). 

7. Two pairs of short chromosomes with median primary constriction 
and a satellite attached at one arm (II, JJ). 

8. A pair of short chromosomes with submediau primary constriction 

(KK). 

9. A pair of short chromosomes with median primary constriction (LL). 

In the prophase stage of root-tip nuclei, eight chromosomes were seen 

distinctly attached to the nucleolus (fig. 6). The morphologj’^ of these chro¬ 
mosomes corresponded with the nucleolar chromosomes observed at the 
metaphase plate. Eight nucleoli were observed in the telophase stage of 
somatic nuclei, one pair being big, one pair intermediate, and the other 
two pairs small in size (fig. 7). 

Blakeslee and his co-workers have made a detailed investigation of the 
meiotic behavior of D. stramonium. All the primary trisomics, secondaries, 
and tertiaries have been found. During the present, observation, no prime 
types or trisomics have been found. Though a large number of plants have 
been examined; yet all the specimens were found to possess 24 chromosomes 
iju ihe somatic nuclei. Moreover no ring formation nor the ^‘kite’’ or 
necktie^’ formations during meiosis, as has been observed by Blakeslee in 
p. str^onmm hybrids, were observed. 



194GJ 


BHAD0EI AND SHABMA: DAniEA 


m 


During meiosis, in the polleu mother cells considerable irregularities of 
the chromosomes have been observed. Besides the normal occurrence of 



Figs. 11~13. Datura fasiuosa, 12 regular bivalents during diakinesis, metapbaae, and 
anaphase, respectively. Figs, 14-16. Biakinetic nuclei showing 10 bivalents + 4 univalents, 
11 bivalents +1 trivalent, and 14 bivalents, respectively. Figs. 17-19. Metaphase I show*- 
ing 13, 9, and 11 bivalents, respectively. Figs. 20-23. Anaphasie separation of 10 
bivalents-fl univalent, 11 bivalents, 10 bivalents+ 1 trivalent+ 2 univalents, and 14 bi¬ 
valents, respectively. Figs. 24, 25. Metaphase II showing irregular distribution of uni* 
valents. Fio. 26. Anaphase II showing a distribution of 10 and 10 and 12 and 12 
univalents. 

twelve bivalents and their normal pairing and segregation, different chro¬ 
mosome numbers ranging from 9 to 14 bivalents were observed. Even in 
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some of the poUeo mother-cells with 24 chromosomes, normal pairing was 
not observed. So, in diakinesis, ten normally paired bivalents and four 
univalents have occasionally been found (fig. 14). The irregularity in chro¬ 
mosome number was evident in all the stages, including the second division 
of meiosis. In diakinesis, mother-cells with 9 bivalents, 10 bivalents and 1 
univalent, 13 bivalents, 11 bivalents and 1 trivalent, 14 bivalents, 11 biva¬ 
lents, 11 bivalents and 1 univalent, etc., were distinctly observed (figs. 15, 
16). Different configurations due to different degrees of terminalizatiou were 
also interesting to note. Metaphase plates showing 9 to 13 bivalents with 
their characteristic size differences have been recorded (figs. 17, 18, 19). 
In anaphase stage, chromosome numbers ranging from 19 to 26 and univa¬ 
lents ana multivalents were also observed (figs. 20, 21, 22, 23). The dis- 

TABLE 1. Different types of segregation during anaphase I 4' II H* fastuosa var. alba 


DiflP. chromosome No. 
& their pairing found 
in 1st. div. 

No. of times observed 
in 100 P.M.O, taken 
at random 

No. of univalents at 
one or both poles 
during 2nd. div. 

No. of times ob¬ 
served in 100 
P.M.C, taken at 
random 

12 bivalents 

48 


50 

13 

8 


13 

9 

3 



11 

14 

8-11 

3 

10 

6 

12-11 

4 

14 

3 

10-10 

3 

10 bivalents+ 1 uiiiv. 

3 

11 

15 

11 +1 

3 

10 

5 

9 +1 

5 

8 

2 

12 +1 

4 

13 

4 

10 +4 

5 

14 

1 

10 ‘‘ +2 '' 




and 1 triv. 

1 ^ 




junction of bivalents could be examined more clearly in the smear prepara¬ 
tions than in sections. 

In the second meiotic division also, the irregularities were quite evident 
and cases were recorded with 13 and 12, 10 and 11, 8 and 11, 12 and 11 
chromosomes, etc. in the two metaphase groups (figs. 24, 25). Abnormal 
numbers after the second meiotic divisions were also observed passing into 
the tetrad stage (fig. 26). In the present investigation an attempt has been 
ihade from a large number of observations to find out the average frequency 
of the occurrence of different chromosome numbers in the P.M.C.’s resulting 
from such irregularities. The observations are presented in table 1. From 
this table it will be evident that nearly 50 per cent of the P.M.C.’8 bear 
itregt^r numbers. 

It is interesting to note that all the irregrular types could be seen some¬ 
times within the same anther lobe. 
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It maj' be concluded from the above observations that some change in the 
premeiotic divisions must be responsible for the production of P.M.C.’6 
with abnormal chromosome numbers. It is quite probable that some of the 
chromosomes fail to divide at this stage. This will lead to increase and de¬ 
crease of chromosome numbers at the two poles and thus mother-cells with 
higher or lower chromosome numbei's than the normal haploid number 
will be formed. If it is assumed, for instance, that of 24 chromosomes 21 
undergo normal division and the remaining 3 do not divide fully, i.e., the 
two chromatids remain attached by their centromere, move to one pole and 
separate later, then this will lead to the formation of one daughter-cell with 
21 chromosomes and the other with 27 chromosomes. Such irregular pre- 
meiotie division will, as a rule, produce duplication of some of the chromo¬ 
somes in some mother-cells and deficiency of some other chromosomes in the 
same number of mother-cells. Thus the occurrence of nmltivalents in some 
and univalents in other P.M.C.’s can easily be explained. Further, if the non¬ 
dividing chromosomes be equally shared by the two daughter-cells, abnor¬ 
malities in the P.M.O. bearing the normal 2n = 24 chromosome number may 
result. For example, if of 24 chromosomes 4, viz.. A, B, C, and D, fail to 
divide during anaphase, and if A and B move to one pole and C and D to 
the other, then one of the daughter-cells, though having 24 chromosomes, will 
have the duplicated sets of A and B chromosomes and the other daughter-cell 
will have the duplicated set of C and D chromosomes. Consequently in the 
former case C and D and in the latter ca.se A and B respectively will be de¬ 
ficient. Furthermore, 0 (*currence of univalents in large numbers in a nucleus 
also indicates the presence of extra chromosomes which have failed to pair 
during meiosis. 

The tetrad formation is of simultaneous type and the arrangement of 
tetrad nuclei in different planes of the mother-cell was quite evident. 
Irregularities in tetrad formation were also observed and “linear tetrads” 
of spores have occasionally been found. It was observed in some P.M.C.’s 
that late in the season variations in temperature were accompanied by the 
occurrence of several, as many as eight, free nuclei, indicating the extreme 
susceptibility of the plant to temperature fluctuation. Similar instances have 
been reported in Hyacinthus (de Mol 1923), Triticum hybrids (Kihara & 
Lilienfeld 1936), Kniphofia (Moffett 1932), Tradescantia, and Oaura species 
(Bhaduri 1941,1942a). 

The dyad nuclei show 4 nucleoli in each nucleus, one being big, one 
intermediate, and the other two small and similar in size (fig. 8). The two 
small nucleoli were seen closely appressed against the respective nucleolar 
chromosomes. It can be stated therefore that the big, the intermediate, and 
the two small nucleoli form 4 homologous pairs. 

Pollen grains are of the same type as found in the black variety, but in 
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tltis variety pollen grains trith different sizes and shapes (small, jnedinm, 
and large), showing also partial abortion, were not infrequently met with. 
The percentage of abortive grains (15 to 18) was not so high as the irregu¬ 
larities of chromosomes in P.M.C. (as many as 50 per cent of the mother- 
cells) during meiosis would suggest (ef. table 1). Presence of pollen grains 
of varying sizes can be explained on the basis of chromosome deficiencies 
and balance (Darlington 1929, Bhaduri 1942b). Attempts were made to 
find out the time of division of the pollen grains but satisfactory results 
have not yet been obtained. 


DISCUSSION 

Although extensive work has been done in Z). stramonium by Blakeslee 
and his co-workers, very little is known about the allied species D. fasluosa, 
the common weed of waste places in India. As has been pointed out in the 
introduction to this paper, Gates (1942) in his review has mentioned that 
in Z>. stramonium a high number of satellited chromosomes, as many as seven 
in the haploid plant, have been found by Hatina, Bergner and Blakeslee 
(1941). The latter authors have, however, not examined or eounteil the 
number of nucleoli in this species. In I), fastuosa it will be found from the 
present investigation that an exact correlation exists between the maximum 
number of nucleoli and the number of satellited chromosomes. The two 
varieties of D. fastuosa differ, however, fi-om each other in the number of 
nucleoli and the number of satellited chromosomes present, the maximum 
number of nucleoli and nucleolar eouatrictions found in the somatic com¬ 
plement in the two varieties being 6 and 8 respectively. A corresponding 
number of nucleoli in the telophase stage of root-ti]) cells, iji dyad and tetrad 
nuclei has also been found. This observation is also confirmed from the 
number of attachments of chromosomes to the fused puclcolus of the somatic 
prophase stage. It is interesting to note that the morphology' of the somatic 
chromosomes, excepting the satellited opes, is very similar in the two 
species D. stramonium and T). fastuosa. 

In view of the above* observations, it may be suggc.sted that a critical 
re-examination of D. stramonium with respect to the maximum numb{*r of 
nucleoli and satellited chromosomes is desirable. 

It has been generally assumed that a true diploid species should have a 
pair of homomorphic nucleoli in the somatic nuclei (Bhaduri 1942). In¬ 
crease in the number of nucleoli or the presence of size differences between 
the nucleoli in a i^iecies has been interpreted to be due to numerical and 
secohdary polyploidy, segmental interchange between nucleolar and non- 
nucleolar ehromohomes (Bhaduri 1943), and fragmentation of satellited 
chkimoBomes (Bhaduri & Bose 1946). Both D. stramonium and D. fastuosa 
are generally taken to be true diploid species. Previous observation in J). 
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stramonimt and the present work on D. f(istU 0 &(t do not irive evidence as 
to the secondaiy polyploid nature of the two species* No secondary associa*^ 
tion between bivalents, a characteristic feature of secondary polyploid 
plants, has been observed in these two species. There is evidence, however, to 
show that considerable structural changes of chromosomes have taken place 
in I), Btramonium. According to Bergner, Satina and Blakeslee (1933) and 
later work (Blakeslee et al. 1940), there are 96 prime types of D. stra¬ 
monium, each differing from the parent standard t3^pe with respect to one 
or more interchanges. If such interchanges are involved between nucl^lar 
and non-nueleolar chromosomes, then the origin of a high number of sec¬ 
ondary constrictions and nucleoli is expected (McClintock 1934, Bhaduri 
1942a). 

It will be interesting to know how the prime types differ from the stand¬ 
ard I), stramonium wdth respect to the maximum number of nucleoli and 
satellited chromosomes, t^nlike T). stramonium, in both the varieties of 7>. 
fastnosa no evidence of translocation has been obtained from the behavior 
of meiotic chromosomes in the since no ring of four or “kite” or 

“ji(‘cktie” type of formation during meiosis has been observed. In the white 
strain, as described in tlie text, a very remarkable irregularitj^ in as manj" 
as 50 per cent of the P.M.C.’s during meiosis has been reebrded. Jt has been 
l)ointed out, that in the prenieiotic mitosis, failure in the division of one or 
mon* chromosomes and their subsequent inclusion in the P.M.C. nucleus 
often leads to the prodiu'tion of spores having either higher or lower num¬ 
bers of cliromoHomes than the usual gametic number. Random union of such 
gametes can not only produce plants having higher or lower chromosome 
numbers than the normal diploid number (2a » 24), but otherwise than in 
1). stramonium we find here a |K)ssibility of having species with the normal 
diploid chromosome number 2a = 24, at the same time having one or more 
chromosomes duplicated. If nucleolar chromosomes are involved in such 
abnormalities then an increase or decrease in the number of nucleoli and 
satellited chromosomes may easily result. On the basis of this hyimthesis, 
the formation of a ring of four and multivalent formation in Datura can 
also be explained as due to duplication of chromosomes irregular pre- 
meiotic mitosis without assuming previous translocations, as found iu many 
prime t^^pes of 7>. stramonium. 

It is remarkable that although spores with such irregular numbers have 
been found iu the white strain, D. fastnosa var. alha, trisomies or plants with 
higher or lower number of chromosomes appear to be rare. Further, when 
we assume duplication of one or more chromosomes in the white strain we 
should also expect multivalent formations during meiosis. During the 
present obsen^ation, however, although a good nunibc^r of plants have been 
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examined, the percentage of multivalent formation daring meiosis has 
always been found to be very small. 

Some explanation of the physical basis of the origin of different forms 
of D, fastuosa can be obtained in the light of the observations made regard¬ 
ing the production of spores having different chromosome numbers and 
particularly of the origin of spores having the same chromosome number 
but of different genotypes. As is evident from table 1, about 50 per cent of 
the P,M.C.’s bear an irregular number of chromosomes. Furthermore, the 
percentage of abortive grains has been found to be only 20 per cent approxi¬ 
mately. Therefore it is quite evident, that about 30 per cent of these spores 
remain viable with irregular numbers of chromosomes. Whether these 
different forms of D. fastuosa occurring in nature are distinct phenotypes, 
breeding true to character, or different ecological strains, remains to be 
proved by breeding experiments. Preliminary experiments in this direction 
have already been started. In the black strain, where fairly regular behavior 
of chromosomes has been observed during rapiosis, we find also variation, 
though on a comparatively smaller scale. 

StJMMABV 

The two varieties of I), fastuosa, the black and the white, a common weed 
of India, differ from each other with respect to the presence or absence of 
anthocyanin pigment in the body of the plant. The white variety shows a 
wider range of variation as compared to the black one. A comparative idio- 
gram study of the two varieties has revealed a close similarity between the 
two, except that in the black variety there are three and in the white there 
are four pairs of chromosomes with nucleolar constrictions. Corresponding 
to this, there are three and four homologous and homomorphic pairs of 
nucleoli present in the two varieties respectively. The present observation is 
in conformity with the theory of numerical correspondence between the 
maximum number of nucleoli present in a species, and the total number of 
secondary constrictions present in the chromosome complement of that 
species. A re-investigatioA of 7.^. stramonium in the light of the present in¬ 
vestigation has been suggested. 

In both the varieties normal pairing of twelve pairs of chromosomes 
has been observed. No evidence of secondary association between bivalents 
coujld be obtained. Excepting occasional trivalents, ring formation or other 
multivalent formations have not been found. Wliile a fairly normal meiotic 
behavior is present in the black variety, in the white variety a very interest¬ 
ing condition has been observed. Some chromosomes fail to separate in the 
premeiotic mitosisrwith the result that mother-cells showing higher or lower 
ehiiomosome numbers (n = 9, 10, 11, 12, 13, 14) than the haploid number 
are formed. This irregularity leads to duplication or deficiency of some of 
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the chromosomes and consequent univalent and oecasional multivalent for¬ 
mations. It has been shown how this type of irregularity may not only lead, 
to the formation of gametes having unequal chromosome numbers but also 
to gametes having the normal haploid number but of different genotypic 
constitution. Random and successful union between such gametes provides 
an explanation of the cause of origin of trisomics, tetrasomics, 2w -1, and 
other types, as well as of plants showing the normal diploid number but 
of different genotypes. These may also differ phenotypically. The wide range 
of variation found in this variety should be analyzed by breeding experi¬ 
ments in the light of the present observations. 

University College op Science & Technology, Calcutta University, 
CalcuWa, India 
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NOTES ON THE VEGETATION OP SIERRA SUROTATO 
IN NORTHERN SINALOA 

Howard Scott Gentry 

Sierra Surotato rises in great form up from the coastal plain in northern 
Sinaloa-^Those who ride the rails may look out northeastward in the latitude 
of Quamuchil (25® 30" N) and see its blue-distant hulk, often crowned with 
clouds, and, if the atmosphere is clear, see also the rugged broken rims of 
rocks and numerous penetrating canyons. I beheld it so in the spring of 1940 
and thereafter tliat distant beauty and the lure of unknown and unsought 
plants secreted in the mountain fastnesses led me back to visit it in 1941 and 
again in 1945. 

The top elevations of Sierra Surotato range from 6500 to 7500 feet above 
sea level. It is a coastal outpost of the Sierra Madre Occidental, the main 
axis of which is carried through Sierra Mohinora in Chihuahua about 40 
airline miles eastward. Surotatoposition is comparable to that of Sierra 
de Alamos, classic plant locality in southern Sonora, but its bulk is much 
greater. Generally in Mexico the inhabitants have local names for mountains 
and neglect general or inclusive appellations for mountain systems and this 
is true of the Surotato complex. Sierra Surotato is composed, from north to 
southeastward, of Sierra Ocurahui, Sierra Surotato, and Sierra Monterrey. 
The situation is shown on the accompanying map (fig. 1), which should not 
be assumed as accurate in detail. Since this sierra is not named on any maps 
I have reviewed, it can serve until measured detail is supplied. Its position 
is Avell indicated on the one-to-a-million Map of the Americas, Culiacan 
quadrangle, ])ublished by the American Geographic Society in 1935. My 
aneroid readings showed the highest peak, Surotato, to be 500 to 600 feet 
higher than the 2192 m. given on that map. The system is 40 to 50 miles 
long NE to SE and variously dissected by deep precipitous canyons and 
intricately ramified by radiating ridges. 

The core of the mountain is granitic. It was observed as the common 
rock in the Tamiapa foothills on the southeast and again through the foot¬ 
hills on the west as far out as San doa(juin. Laid over the granite through 
high and low elevations are various lavas of various ages and extent. In the 
higher elevations are both massive and laminated sedimentaries, highly de¬ 
formed and often metamorphosed. These are strikingly exposed atop Sierra 
Monterrey (fig. 2). Mainly, however, it is the volcanics that form the rugged 
cliffs and peaks of the higher elevations, some strongly calcareous as the 
Penascos de Pucheros. 
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Sierra Surotato is relatively wet as attested by the rather numerous epi¬ 
phytic bromeliads, orchids, lichens, mosses, and the preponderance of meso- 
phytic and tropical species. The rainfall station nearest to Surotato is in 
Badiraguato, lying in a foothill valley 30 to 40 miles southeast. Its annual 
average is around 30 inches. That of iSierra de Alamos, about 100 miles north 
of Surotato, in Sonora is between 20 and 25 inches annual average. With 



Fro. 1. The Sieira Sniatoto region. Scale 1.225,000. 


these records (1) and the indications from vegetation we can estimate the 
higher wetter elevations of Sierra Surotato to exceed 40 inches annually. 
The season is binary; rains from May to February with a mild drought 
period in the fall, and long drought through the spring. Occasionally spring 
rains occur, howev^*, as in March 1940 when it rained heartily for a week, 
much to the surprise and consternation of the collecting botanists. The 
eopiohs summer rains are convectional in type, of tropic origin; the more 
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violent storms are known as “chubascos.” The “equipatas” (<L.—even 
feet) are the light even rains of winter. 

White clouds that the lowlanders see investing the heights of the moaU' 
tain are only fog to the mountaineers. This reduces the incidence of sunlight 
considerably over that due to rain clouds alone, since it may appear both 
preceding and following diurnal rain hours, and may also occur as ground 
fog lying in the highland valleys in the early morning. The foggy forest is 
gloomy and dripping, festooned with hanging mosses, cool, and inhabited 



Flo 2. Hicrra Monterrej forested with pine and oak; looking north, March 1940 
The anticlinal massive sedimentaries dip westward. 

only by shade-tolerant species on the northern slopes. Fog is undoubtedly 
a chief factor in supporting the rich communities of epiphytes and the 
varied forest of tropical nature 

Snowfalls are said to be of almost yearlj* occurrence at Ocurahui and 
throughout the higher elevations. As reported by the natives, they are light, 
lie but a little while, and fall in January and February. Yet orchids and 
TiUandsia grow m these ele^’ations of snowfall (fig. 3), shggesting an un¬ 
expected tolerance to cold. However, plants were observed in rather spotted 
occurrence, indicating that they are restricted in these higher elevations to 
warmer spots conditioned by local features of terrain. The area of snowfall 
is within the pine xone. 
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The vegetation of Sierra Surotato has been inarkedly disturbed by man 
in a small t)ereetttage of the area. Regular planting and cattle are limited 
to the areas of less rugged terrain. Milpas of beans, sqiiash, potatoes, wheat, 
and maise, and small orchards of peaches, quinces, apples, and oranges are 
scattered through the mountain adjacent to the small settlements. There is 
a small planting or two of coffee in Canyon Tarahumare, the most northerly 
occurrence of this crop in North America. The opium poppy, Papaver $omni- 
ferum^ is scattered in small plots, spring-grown, often following wheat. 
Though the poppy is dry-farmed, it is preferably planted where it can be 
irrigated by diverting the small mountain rills. The uncertain spring rains 
may or may not be sufficient for a good yield of gum. It is a contraband 
product providing the mountaineers with a ready cash crop. Because of this 
they are suspicious of strangers and I was once threatened with indefinite 
detention. 

Transient milpas through the past two decades have made serious muti- 
lati(ms of the mountain cover. This is conspicuous through the Canyon de 
Tarahumare, where even precipitous rocky slopes of 40® to 60® inclination 
are cut over for only the one or two crops of maize they will produce. In¬ 
crease in such cuttings is correlated with increase in local population. These 
natives refuse offers of more arable land in the coastal plain becAuse they 
prefer to live in their mountain environment, believing that they would 
suffer and fall ill in the hot lowlands. They are poor and subsist upon an 
incipient agriculture which would be inadequate for any modern society. 
The native trees are also felled for loca.! fuel and lumber. 

The rancho, Los Pucheros, is remarkable for the degree of comfort and 
orderliness with which it has been maintained. This is entirely due to an 
elderly bachelor, now crippled, native of the mountain, who admires and 
can name every state in our union, although he hi^ spent his whole life 
upon Surotato, In his pine log buildings with shake roofs he quarters sum¬ 
mer vacationists from the hot lowlands. Mostly they make the laborious trip 
by mule, but airplanes have been landed at the neighboring rancho of El 
Homo several miles away. The landing strip is a mountain meadow atop 
the sierra. Landings, however, should not be attempted without first ascer¬ 
taining the condition of the field. 

The natural vegetation of Sierra Surotato is thriving, unusually com- 
plei, and covered by slope forests of highly mixed dominants, largely 
deciduous in the lower elevations, pine-dominated in the upper. The more 
arid element is found in the Short-tree Forest formation (2) of the lower 
slopes. Upward in the wetter elevations, 2500-4500 feet, are many intruding 
tropical species. Here the formation is more nearly a tropical deciduous rain¬ 
forest with an increase in the density of shrub species over that found in 
typical Short-tree Forest. Tropical mesophytes are best represented in the 





Fig, 8 Btaaid of younjaf oaks at about 6000 fei»t elevation near Oeutabui, showing 
epiphytes of TiUamUta tnfiaia and moss, Fm. 4. The valley of Oeurahui in September 
1941. Elevation about 6000 feet. ComuH r^tceUa lines the cut-in creek meandering ^rougli 
the meadow^ Scattered pines mix with several hardwoods. ^ 
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deep oanyoos, following upwards high into the oak 2 one. The nearly pure 
oak forest gradw into Pine-oak Forest between 4000 and 5000 feet. Madrofio, 
Arbutus, is common at 6000 feet and above. The numerous communities and 
the heterogeneous associations are. indicated in the following annotated list 
of collecting localities. 

VaiTonMna, elev. 1000 feet. This village bf a few hundred people lies in 
the foothills at the northwest end of Sierra Surotato and perhaps 70 miles 
northward from Ouamuchil. It is the end of the crude truck road. It is 
rather typical of the foothill valley country thereabouts. Much of the virgin 
cover has been cut over and used for milpas or over-grazed. Some of the hill 
slopes contain small or large areas of but little disturbed woodland of Short- 
tree Forest composition (2). A messy, aggressive, scrubby cover is commonly 
adventive upon fallowing milpas and might well bear the name of subtrop¬ 
ical scrub of writers, who apparently have not always recognized its real 
transitory position in the development of the vegetation. An old man in 
Varomena told me that formerly “encinos” or oaks grew upon the hills 
above Varomena and that the original “monte*' had been cut away. How¬ 
ever, some relies of the virgin forest cover remain and-one which w'as visited 
lay about two miles northeast of the village on a northern slope. It showed 
a good forest growth with a general stature of mature trees about 30 to 40 
feet, dominated by a mixture of drought-deciduous species. The relatively 
large mesic leaf (average area perhaps 75 cm.®) was more common than the 
smaller pinnatifid tj’pe as represented by the Mimosaceae and Burseraceae. 
The former type was generally palraately divided as in some of the common 
dominants such as Ceiba acmiirwta, Cocklospermum vitifolivm, and Tabe- 
buia palmeri. Ipomoea arborescens var. pachylutca was one of the large- 
leaved dominants and formed large trees about 40 feet in height with a 
trunk diameter of two feet or over. It is one of the common tree species 
through the lower elevations of Sierra Surotato, occurring both in virgin 
cover and on cut-over areas. Four different ’species of Bursera were found 
in this segment of forest,, some with finely cut leaflets. A few vines were 
climbing trees and Cissus rhembifoUa was collected. Secondary shrubbery 
was only thinly present and little difficulty was found in getting about 
through the trees. On the whole its composition is typically Short-tree Forest 
except for the light infusion of oaks, which may be explained by an original 
adjacent formation of Savanilla occurring transitorily through the region 
and previously reported near Sierra Tacuiehamona (3). 

Savanilla is a minor member of the foothill vegetation. Arborescent spe¬ 
cies iftfom Thom Forest, Short-tree Forest, and Oak Forest occupy the rocky 
oute^roppings, where rapid water carriage of weathering products does not 
allow* aj^reciable soil formation, while turf grasses cover the intervening 
evener slopes whose soil is a coarse mixture of gravels and clay. The basic 
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rock extrusions are commonly the heights of volcanic pediment which under¬ 
lies the shallow surface soils. The topography of such terrain is much less 
precipitous than the Barranca Region proper and the best development of 
Savanilla is in rolling or slightly broken topography. Those who regard 
grassland as a late and more highly evolved feature in the development of 
organic covering are here happily sustained in this striking illustration. 
The arborescent species are limited to the physiographically younger part 
of the terrain, the degrading rocks, while grasses monopolize the aggrading 
miniature plains and gentle slopes. The arborescent mixtures often run 
strongly to the Ouajiotal type, but not to the degree described in southern 
Mexico (4), and as observed elsewhere in this formation along the west coast. 
The trees are preponderantly drought-deciduous and short-statured. 

Las Mesas, elev. 3000 feet. Las Mesas, a half day’s pack trip southeast¬ 
ward from Varoniena, is a rancho with two or three houses in what may 
be called bejich laud about half way up Sierra Surotota. Small mesas sup¬ 
port a grass cover with oaks and Short-tree Forest species upon adjacent 
.slopes and canyon origins. The mesas themselves are trifling but interest¬ 
ing instances of atypical savanna. Ijocal physiographic features and climate 
have united to effect unusual mixing of dominant species and with this 
there is an inherent similarity to the lower lying Savanilla. 

Striking associations are the rocky glades and ridges of Ipomoea-Bursera 
stands, the littered rocky slopes of pure oaks on northern slopes, and a 
highly mixed deciduous forest on southern exiwsures. The tall slender 
Bursera arborea is found in canyon origins. Herbs and shrubs are plentiful 
and highly mixed in moist situations with highland and lowland species 
overlapping. 

The soil is shallow, volcanically derived, and the run-off rapid. Pines are 
lacking. The climate is most equable. The rocky terrain and shallow soils 
appear to be the chief factors in limiting the vegetational configuration, re¬ 
sulting generally in bringing together a number of plants that can gain foot¬ 
hold within their respective limits in amounts of soil needed. Dwarf thick¬ 
stemmed Burseras only 4-6 feet high were found growing out of the crevices 
of bare rocks, w'hile their normal-statured brothers stood by, 15-20 feet high, 
in shallow pockets of soil. 

Fog is not prevalent at this elevation and is correlated with a relative 
lack in the epiphytic population. The pendulous lichen is lacking altogether, 
orchids and TUlandsia infrequent. 

Varied grass stands occupy most level spaces and gentle gradients. Both 
turf and bunch grasses are found on open slopes, while Paspalum plicaium 
was found thriving in moist depressions together with Cyperus and Cuphea 
procumhcns. The natives consider this grass good forage. Along the trail up 
to Las Mesas beautiful specimens of Lemaireoetreus montanvs were observed. 
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Ocurahtti, elev. 6000 feet. Ocurahui is a scattered settlement of four or 
fire houses about a day and a half by mule eastward from Varomeua. It is 
a delightful, park-like valley cradled in the pine lands on the northern end 
of Sierra Surotato (jSg. 4). A shake-roof storehouse was hospitably donated 
by Don Jos6 Bochas, the loquacious, intelligent, polygamous, and most in- 
flumitial man of that part of the mountain. The storehouse provided the 
mosQs and me adequate shelter from daily summer storms, facilities for dry¬ 
ing presses over a smoking fire, and except for the piggy odor emanating 
from a pen at one end was entirely pleasant. Edible food, however, was 
scarce and I knew hunger long before my stay was over. The rolling valley 
was rich in meadow and slope grassland, orchards harbored native herbs, 
and a dashing creek came out of the surrotinding forest, bubbled through the 
celestial valley, and went out into the woods again, falling ever into the deep 
canyons below. Gkntle valley slopes are exceptional in the mountain. It is 
mostly quite broken and rugged; stout legs and good lungs are needed for 
getting about. 

There are very few pure stands of pine about Ocurahui. The dominant 
forest type is a mixture of pine and oak. as outlined in tbe following list, 
arranged approximately in their order of dominance. 


P%nus maerophylla BAgel. 

apacahmfe K. Ehreiib, 
Pmus oocarpa Schiode. 

Ptnus lamholtm Bob. & Fern, 
Ptnvs pseudosirohus Lindl. f 


Quercun eptlevea Trel. 
Queicm palle»cen$ Trel 
Queretifi dunfolta Trel. 
QuercuHpfvfryt Mull. 
Qnereu» candieans Nee. 
Qnercua emdlichiann Trel. 
Quptcus pnxnivema Trel. 


Pinus macrocarpa and P. oocarpa appear to have the greatest altitudinal 
ranges. P. lumhoUzii is common, while P. pscudonlrobus (?) is scarce, scat¬ 
tered, and not found at lower elevations. On the whole the pine growth is 
small and only small timber was observed. It is employed for local building, 
for torches, and for kindling by the natives. Oak is preferred as firewtH>d. 
Qucrcus cpileuca is mosj abundant upon the moist shady slopes, growing 
with long straight boles as high as the smaller pines, 15-20 meters. Q. pal- 
Uscens is more common over all types of exposures. Q. yentryi is not uncom¬ 
mon and forms rather densely leafy croums with its narrow leaves. Q. penni- 
venm is restricted to sparse stands on arid slopes with the old trees low and 
rouUding, 6-8 m. high, the branches low and the whole forming a wide sym¬ 
metrical big-leaved tree. Arbutm xalapemh was collected on Sierra Monter¬ 
rey and often takes its place with the pines and oaks. 

In the high moist cool canyons the pines and oaks are often replaced by 
othm* more mesophytic trees, nearly all of which are shade-tolerant. Among 
them are Styrax argenteus, Ostrya virginiam, Cornus disciflara, and along 
the streams Comus excelsa, Harrya hurifolia, and Magnolia schiedeam. 
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The shrub population is rich in species, Bhus oUophyUoidfs and Bhamnus sp. 
are both shade-tolerant deep-canyon dwellers, the latter forming riparian 
colonies. Crotalaria mMicula is an herbaceous sulwfarub and it forms exten¬ 
sive colonies upon high moist shade slopes with the low herbaceous Erythnna 
montoTui infrequently infiltrating. Trmmfetta chihuahtiensis is another can¬ 
yon shrub, while other members of this tiliaceons genus are common on the 
more open slopes mostly at lower elevations. Herbs are present in numerous 
species, occurring only very thinly under pine stands, but occasionally form- 



Fig. 5. Hlope forpgt of oak in the Quobrado de Manaaua, September 1S41. View over 
Inoka tops of Plaianun trees growing along stream in canyon bottom. Lyniloma wafnont in 
right foreground and a few scattered along gullies with the oaks. 


iug a floor covering under mixed forests with such species as Ipomofa deca- 
xperma. The grass cover is generally quite sparse or lacking under the forest, 
but thin stands of Aristida schkdcana and Muhlenhergm ngnh occur under 
the trees. 

Quebrado de Mansana, elev. 3000-5000 feet. This is a deep canyon be¬ 
tween Ocurahui and Las Mesas with an abandoned mine and a few ranchos 
scattered along the bottom. The north exposures in the upper extents are 
covered with pines that grade doM'iward into oaks. The southern exposures 
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are doizaaaiitly oaks; Quercus cMkuakuemkf Q, tubercutata, Q, (Uhocincia. 
The main canyon is lined with tall aliso trees, Plaianus racemasa var. and 
with them in the tributary canyons is a strong infusion of barranca and low¬ 
land trees; Ceffta acuminata) Ipomoca wrborescem pachylutea, Or^opanax 
peltatum) Inga eriocarpa) intermingled with highland species. Shrubbery is 
rampant under the slope forests and mixed with numerous species; bush-like 
composite types, wand-like shrubs as Mimosa spp. and Perymemum steno- 
phyUum) and the small graceful Triumfeita goldmanniij and the larger tree¬ 
like forms as Eysenhardtia reticulata) Callmidra gentryi) and Hehocarpus 
sp. with broad leaves. Altogether they form a closed cover rather difficult to 
negotiate on the precipitous slopes. On the moist slopes and bottoms the 
herbs form a thick carpet and are prevailingly shade-tolerant, broad-leaved, 
turgescent types. Grass species are only scattered here and there in these 
wooded moist slopes and vary greatly in habit. * 

The south exposures are essentially more arid and less shrubby. Eriosema 
and coarse grasses are typical of the low well-spaced cover on the more rocky 
areas, with grasses becoming dense on moist slopes with more soil. The pre¬ 
vailing type of leaf is stiff and harsh in bot|j monocots and dicots, as pointed 
out as characteristic for the Oak Forest belt of northwestern Mexico (3). 
Shrub thickets are generally lacking though individual shrubs occur. The 
herbaceous flora is rich in species, variously adapted to the small moist 
gulleys or the open arid slopes, 

Quebrado de Tarahumare, elev. 2p00-50(X) feet. The canyon de Tara- 
humare is the greatest western dissection of Sierra Surotato and contains 
the most settlements. Its vegetation, therefore, has been more disturbed than 
that of the Quebrado de Mansana, but in its several precipitous tributaries 
is still found a great deal of virgin forest. The make-up of the vegetation is 
essentially similar to that noted for Mansana, but it does contain species 
rare or lacking in Mansana. It is generally true of Sierra Surotato that 
every major canyon has its own floristic make-up. As one passes from one 
canyon to another new plants meet the eye. This is a characteristic of trop¬ 
ical floras, which in North America reach their climax in the exceedingly 
rich flora of Costa Rica, where within an area of 18,400 sq. miles over 6000 
species of plants have been catalogued (5). 

The canyons of Sierra Surotato are the meeting places of temperate and 
tropical genera. The following list shows several plants not previously known 
as associates or as having over-lapping ranges. 


Temperate 

O0trya mrgi^iafta (Mill.) Koch. 
^ JPlaiams raeemosa Nutt. var. 
Ju0Ums major (Torr.) Heller 
Pnia$eUa vulgaris L. 

Aq'^gia alf. skinneri Hook. 


Tropical 

THsiylinm sj). 

Magnolia schiedeana Schlecht. 
Brosimum aUcastrvm Bwart*. 
Oarrya laurifolia Hartw. 
Picramnia anfidesma Swartz, t 
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Agrimonia striata Miclix. 
Corydfalis montana Engelm. 
Lathgrus Uucanthus B^bd. 
Viola neomexieana Greene. 
Sisgrinchimn, arizoniewm Botbr. 
Cnidoscultts mguafidens Torr. 
Mint ulus rerbenaeeus 


Psittaoanthus maeranthmus Eicbl. 
Stgrax argenteus Preal. 

Boecoma arhorea Wats. 
Chamaedorea etp. 

Calaihea aft* cyolophora Baker. 
Maranta arundinacea L. 
Klaprothea mentseloides H.B.K. 
Zeugitis latifdlia Hemsl. 

Cupania glabra Bw. 


The records of plants collected oil Sierra Surotato not only contribute 
to our knowledge of the distribution of northwest Mexican plants, but are 
significant in interpreting the evolution of the floras of southwestern North 
America. In this mountain is a varied number of plants whose observed or 
recorded distributions are discontinuous in the latitudes of the desert-trop¬ 
ical transition. A few examples are: 0$U*ya virginiana, Agrimonia striatd, 
Lathyrus hucantha, Corydalin mmtmia, and the disjunct Plata/nus racemosa^ 
all of northern origin. Most of Such distributions appear to be relies repre¬ 
senting Pleistocene adventives established during glacial epochs, when the 
cold front was farther south. Examples of plants whose distributions appear 
to be, or are established as, discontinuous area: Brosimnm alicastrum, Dis- 
iylium sp., Chama-edorea sp., Calaihea aff. cyclophara, Klaprothia mentze- 
Joid£s, Aihyroearpxis leiocarpus, Bfpccama arhorea, Zeugites latifolia, and 
Cupania glabra. Such distributions'may also be explained on the basis of 
climatic succession during Pleistocene periods, as relics in the more sheltered 
canj'ons left from populations retreating before the south moving cold fronts. 

The endemics of the desert-tropical transition, w^hich are many, together 
with other species of broad tolerances form the great bulk of the flora. They 
are the great, rugged, plastic element that moved down from the Southwest 
into Mexico when the arid and the arctic dominated the north temperate 
(6, 7). Most of the component species, either quickly or slowly, are per¬ 
sistently aggressive in occupying new coastal lands (e.g. the rising coast) 
and abandoned clearings (2). 

The theory of plant migrations under the duress of migrating climatic 
zones, due to geomorphism and varying sunlight during geologic ages, may 
be of great value in explaining the development of plant distributions. Cer¬ 
tainly no field could be more fruitful in source material than the long desert- 
tropical transition flanked on the west by the great sea and on the east b 3 ^ 
the Sierra Madre Cordillera. Here variable temperature operated with alti¬ 
tudinal zonation to give latitudinal movement as well as the more universal 
longitudinal migration to the mobile biota. Before historical interpretations 
of distribution can have accuracy, however, an intimate knowledge of plant 
placements is necessary. On the whole the vegetation of Sierra Surotato and 
environs is of desert*tropical transition, with a tropical element more pre¬ 
ponderant than a temperate one. This is just below 26"^ north latitude, some 
150 miles above the Tropic of Cancer. 
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In conelnsion the foUowitig outline approximatea the actual conation of 
the major forms of t^egetation on Sierra Surotato and adjacent coast. 

Fine Oak Forest .... 4500-7000 feet elev. 

Oak Forest—Grasslaad .— 2000-4600 ** “ 

Tropical Montane Foreat . 3000-4600 ** 

Skort-tree Forest .... 500-3600 

Thom Forest . 0-1000 << ‘‘ 

These major zones of vegetation are not sharply divided^ because of the 
interpolated and intergrading tropical element. It is represented by both the 
Short-tree Forest and the Tropical Montane Forest, the latter stratigraph- 
icaily equivalent to the oak belt, the presence of one or th^ other conditioned 
by exposure, soil, and local climate as affected by terrain. The Tropical Mon¬ 
tane Forest occupies the equable central elevations whe«5 the higher pre¬ 
cipitation is retained by good soil and evaporation relatively reduced by the 
cloud layer. It is limited to the eauyons. while the dispersed oak formation 
is general over the slopes. On the whole this zonation is remarkable and will 
be analyzed in an early paper. 

Botaky Department, University op MiIjhigan 
Ann Arbor, Michioan 
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GLYCERIA PALLIDA AND G. FERNALDII 

Norman C. Passbtt 

Glycerm Fernaldii (Hitche.) St. John, based on (?. pallida var. FemaldH 
Hitche., was first proposed as a species by St. John (Rhodora 19 : 75. 1917), 
and was taken up as a species in the Manual of Grasses of the Umied States, 
page 94, under the name G, neogaea Steud. Mrs. Chase subsequently showed 
that the type of 0, neogaea was 0. stricta (Am. Jour. Bot. 84 : 33-34. 1937). 

The characters pointed out by St. John were to a large degree concerned 
with size of parts j G. Fernaldii was described as having a smaller grain 
then O. pallida, shorter anthers, smaller spikelets with fewer florets, more 
divergent or reflexed branches of the panicle, smaller leaves and lower culms. 
Table 1 shows how four of these characters appear on 19 sheets in the Her¬ 
barium of the University of Wisconsin and the Milwaukee Public Museum. 
In Wisconsin, at least, there appears to be no very clear-cut line between 
leaves 2-8 mm. wide {G, pallida) and leaves 2~3 mm. wide ((?. Fernaldii), 
between anthers 1 mm. long {G. palhda) and anthers 0.2-0.5 mm. long (<?. 
Fernaldii), between spikelets 4-7-flowered ((?. pallida) and spikelets 3-5- 
flowered {G, Fernaldii), or between spikelets 6-7 mm. long ((?. pallida) 
and spikelets 4-6 mm. long {G. Fernaldii), Furthermore, the degree of cor¬ 
relation of wider leaves with larger anthers and spikelets falls far short of 

TABLE 1, Glycfna palhda and var, Fernaldii in Wisconsin 


Locality 

Width of 
widest 
leaf 

Len|fth 

anther 

Florets 

per 

spikelet 

Length 

of 

spikelet 

Merrill, Lincoln ('’o. 

8.5 

mm. 

0.6 mm. 

5-7 

5,0-6,0 mm. 

Xeopit, Shawano Co. 

Mosinee^ Marathon Co. 

5.0 

mm. 

0.8 mm. 

4-5 

4,0-5.0 mm. 

5.0 

mm. 

0.8 mm. 

4-5 

4.0-5.5 mm. 

Ashland, Ashland Co. 

4.0 

mm. 

0.6 mm. 

5—7 

4,5-6.0 mm. 

Laonu, Forest Co. 

3.5 

mm. 

1.8 mm. 

3-4 

3J545.5 mm. 

Baiubow Bapids, Oneida Co. 

3.5 

mm. 

0.2-0.4 mm. 

3-4 

3,5-4.0 mm. 

Mollen, Ashland Co. 

3.0 

ram. 

0.8 mm. 

3-4 

3.0-6,0 mm. 

Bamadkc, Clark ('o. 

3.0 

mm. 

0.4 mm. 

4-6 

5.0-5.5 mm. 

Madeline Is., Ashland Co. 

3.0 

mm. 

0.4 mm. 

3-5 

3.0—3.5 mm. 

Price Co. 

3.0 

mm. 

0.4 mm. 

4-6 

4.5-6.0 mm. 

Rainbow Bapids, Oneida Co. 

3.0 

mm. 

0.2 mm. 

3-4 

3.0-3.5 mm. 

Moose Biver Pam, Pouglas Co, 

2.5 

mm. 

0.4 mm. 

4-6 

4.5—5.5 mm, 

Bamadka, Clark Co. 

2.0 

mm. 

0.4 mm. 

4-6 

4.5-5.5 mm. 

Mather, Juneau Co. 

2.0 

mm. 

0.4 mm. 

3-4 

3.5-4.5 mm* 

Bruce, Busk Co. 

i.5 

mm. 

0.4 mm. 

3-^ 

3.5-5.5 mm. 

Grand View, Bayfield Co. 

1.0 

mm. 

0.4-4),6 mm. 

3-4 

4.0-4.5 mm. 

Phillips, Price Co. 

Tomahawk, Lincoln Co. 

1,0 

mm. 

0.4 mm. 

3-4 

3,5-4.0 mm. 

1.0 

mm. 

*0*4 mm. 

3-4 

3.0-4,0 mm. 

Hayward, Sawyer Co. 

1.0 

mm. 

0.4 mm. 

3-5 

3.5-6*0 mm. 
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TABLE 3. ^l^eeri^ p<aii4n <i«d mr. JFemaWi outside of Wi$con$in 


Locality 


New Bedford, Maaeachuaetts 
Bedford, Haaaaohueetts 
New Bedford, Maasachueetts 
Harwich, Maaiiutehtisetts 
Noble Co., ladlaaa 
Hanover, Masaachusette 
New Bedford, MassachueettB 
Barrington, New Hampshire 
Durham, New Hampsliire 
Barrin^n, New Hampshire 
Newdeld, New Jersey 
Orono, Maine 
Amherst, Nova Beotia 
Hartford, Connecticut 
Temple. N^ew Hampshire 
Belgrade, Maine 
Southport, Maine 
St. Louis Co., Minnesota 
Lake Co., Minnesota 
Golden Lake, Ontario 


Width of 
widest 
leaf 

Length 

anther 

10.0 mm. 

1.0 mm. 

8.0 mm. 

1 J)-l ,4 mm. 

8.0 mm. 

1.0 mm. 

7.0 mm. 

0.6 mm. 

5.5 mm. 

1.0 mm. 

5.0 mm. 

0.8 mm- 

4.5 mm. 

1.0-1,2 mm. 

4.5 mm. 

0.8 mm. 

4.5 mm. 

0.6 mm. 

4.0 mm. 

0.8 mm. 

3.5 mm. 

1.2 mm. 

3.0 mm. 

0.6 mm. 

3.0 mm. 

0.4-O.6 mm. 

2.5 mm. 

0.8-1.0 mm. 

2.5 mm. 

0.4 mm. 

2.5 mm. 

0.4 mm. 

2.0 mm. 

0.4 mm. 

2.0 mm. 

0.4 ham. 

2.0 mm. 

0.4 ram. 

2.0 mm. 

0.4 mm. 


Florets Length 

per of 

spikelet spikelet 


6-6 

6.6-^.0 

mm. 

6-7 

6.0-7.0 

mm. 

6-7 

5.5-7*0 

mm. 

6-7 

6.6-6.5 

mm. 

3-4 

3.5-4.6 

mm. 

5-6 

5.0-6.5 

mm. 

3-6 

4.0-5.0 

mm. 

5-6 

4.5-5.5 

mm. 

3-6 

4.6-5.0 

mm. 

4^ 

5.0-5.5 

mm. 

4-5 

5.0-6.0 

mm. 

4-5 

4.5-6.5 

mm. 

5-6 

4.5-5.0 

mm. 

3-6 

4.5-6.0 

mm. 

3-5 

3.5-5.0 

mm. 

2-5 

3.0-5.0 

mm. 

4-5 

3.5-5.0 

mm. 

3-5 

4.0-6.0 

mm. 

5-6 

4.0-6.0 

mm. 

3-4 

3.5-4.5 

mm. 


demonstrating two clearly separable groups. Diflferenee in lengths of 
anthers appears perhaps most definite among the characters listed by Dr. 
St. John, but in the plants of Wisconsin its correlation with 6ther characters 
is not good. 

From regions outside of Wisc*oiLsiu, Dr. JSt. John undoubtedly had much 
more material at his disposal than has the present writer, but the characters 
of the 18 sheets tabulated in table 2 show only slightly better correlation 
of width of leaves with length of anthers and size of spikelets; they scarcely 
do tnore than suggest that var. Fermldii is a smaller phase of G. pallida, 
perhaps recognizable as a northern variety. 

Herbarutm op the University op Wisconsin 
Madison, Wisconsin 
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STUDIES IN THE SAPOTACEAE—VI. 
MISCELLANEOUS NOTES 

Arthur Cronqtjist 

My revisions of several American groups of the Supotaceae, under the 
auspices of the Chicle Development Company, are now concluded. During 
the course of that work various notes on other groups in the family have 
been aeeumalated. These are here presented, in order to make them avail¬ 
able to future students of the family, and to make certain names available 
for use. An artificial key to the American genera of the family, as I under¬ 
stand them, is followed by notes and comments alphabetically arranged by 
genera. The citations of herbaria are the same as those used in previous 
papers of this series. 

1, Sepals biseriatc, mostly 3 plus 3, occasioiially 4 plus 4, rarely 2 plus 2; 
corolla‘lobes (except in a few species with 3 plus 3 sepals) with evident 
paired dorsal petaloid appendages. MandJeara, 

1. Sepals not biseriate, or, if so, then 2 plus 2 (in r&uterm) ; eorolla-lobes 
with lateral appendages (in Dipholis and Bumelia) or exappendiculate. 

2. Htaminodes present. 

3. Stipules present, conspicuous. Chromolueuma, 

3. Stipules wanting. 

4, Corolla thick, fleshy, globose, with valvatc lobes. Sarcanlus, 

4. Corolla not esi>ecially thick, the lol>e8 imbricate, 

3. Seed-scar small, basilateral. 

6. Corolla-lobes without lateral lobes; endosperm present. Mfistiohodendron, 
(}. Corolla-lolws with lateral lobes, except in a few species of 
Bumelia, 

7. Endosperm present; ovary nearly always glabrous; un¬ 
armed. DiphaUs, 

7. Endosperm wanting; o\ary usually hairy; usually more or 

less spiny. Bumelia, 

o, St^d-scar long, lateral. 

6. Endosperm ]»resent. 

7. Leaves striate, alternate; filaments attached at the corolla- 

throat. MicrophoUs, 

7. Leaves not striate. 

8. Leaves conspicuously reticulate, alternate; filaments at¬ 
tached at the base of the corolla-tube. Aahrouteria. 

8. Leaves with arcuate-ascending primary lateral veins and 
numerous fine reticulate-parallel veihs perpendicular to 
the midrib, opposite or subopposite; filaments attached 
at the corolla-throat. 8yeygiop$i$* 

6. Endosperm wanting. 

7. Leaves not glaucous; secondary lateral veins ordinarily evi¬ 
dent below; stambiodes generally well developed and 
regular. F&utetia, 
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7. Leaves more or less glancoua beneath, the secondary lateral 
veins obseare beneath; etaminodes irregularly developed. 

species of Oxytheee. 

2. Stamlnodes absent. 

3. Endosperm present. Chrytophylhun. 

3. Endosperm wanting. 

4. Loeules 2-5, each containing one ovule: seed-sear long, lateral. 

5. Distal portion of the filaments abruptly tenuous, reflexed in 


bud. 


Pradosia. 


5. Distal portion of the filaments similar to the basal portion, not 
reflexed. 

6. Stipules wanting; leaves usually more or less glaucous be¬ 
neath, the secondary lateral veins obscure beneath. Oxytheee. 

6. Stipules usually present, though often deciduous; secondary 
lateral veins evident and raised beneath; leaves not glaucous, 
generally large and clustered at the ends of the twigs. Meolinusa, 
4. Locale 1, by failure of the partition; ovules 2; seed-scar rela¬ 
tively small, basilateral. • Dtploon. 


DiploSn Cronquist, gen. nov. 

Tree; leaves alternate, weakly striate; flowers clustered in the axils or 
at recently defoliated nodes; sepals 5; petals 5, joined only at the base; 
stamens 5, epipetalous, opposite the corolla-lobes, the filaments basally much- 
thickened; staminodes none; ovary glabrotis, unilocular by failure of the 
partition; ovules 2, basilaterally attached to a cushion-like basal placenta; 
fruit fleshy, sii^le-seeded; seed with orbicular not very large basilateral 
scar; endosperm wanting. 

Arbor foliis alternis tenuiter striatis; flores axillares, sepalis 5, petalis <S 
ad basim counatis, staminibus 5 epipetalis eorollae lobis oppositis, stami- 
nodiis nullis, ovario glabro uniloculare ptsr septum defectum, ovulis 2; frue- 
tus mouospermus semine exalbuminose area derasa moderate parva basi- 
laterali orbiculari. 

A single known species: 

Diplodn cuspidatum (Iloebne) Cronqnist, comb. nov. 


Chbysophyllum cuspidatum Hoehiie, Ostenia 302. pi. 8. 1933. 

An excellent description and plate of this species was provided by 
Hoehne. Careful examination of a number of flowers, including some kindly 
sent to me by Dr. Hoehne "from the type tree, shows only vestiges of a pai*- 
tition between the ovules. All other American genera of the family, and 
so far as I am aware all of the old-world genera as well, have as many 
loeules as ovules, aud this feature has generally been considered to be a 
family charaeter of the Sapotaeeae. Diplodn does not seem allied to any 
other family, however, and in my opinion the failure of the partition is not 
sufficient reason to exclude it from the Sapotaeeae. Dr. Robert W. Hess, of 
the Yale University School of Forestry, has kindly examined a specimen 
for me, and tells m'e that there is nothing in the wood anatomy to preclude 
its being a member of Chrysophyllum. Aside from the structure of the ovary, 
Diplodn differs from all other American Sapotaeeae in the combination of 
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estaminodial floAvers and relatively small basilateral seed-scar. It further 
differs from Chrygophyllum in the absence of endosperm. The glabrous 
ovary, while unusual in the family, is shared among the American Sapotaceae 
with Mastiehodendron and DiphoUs, both of which have staminodes and 
albuminous seeds. The conspicuously thickened filaments are not to my 
knowledge matched by any American member of the family, but this char¬ 
acter may be of no more than specific importance. 

The following specimens of Diploon cuspidatum have been examined; 
most of them are sterile. 

Dua^n a.n., Taoarahy, Parani, December 12, 1014 (S): DuaSti 1BS19, Serra do Prata, 
in silva primaera, ParanA (8) ; Hoehnr S8S3S, Jard. Bot. 8ao Paulo (A, F, NY, TJS, Y); 
Olaaiou 9601, antre Qneimado et Bio d ’Ouro, Rio de Janeiro (S) ; Glagiou 9505, near Bio 
de Janeiro (K), 19698, near Rio de Janeiro (NY). 

Mr. C. L. Gilly has kindly pointed out to me that the name Manilkara 
emarginata (L.) Britt. & Wils. (1926), w'hieh I adopted in my treatment 
of the North American species of Manilkam (Bull. Torrey Club 72: 550-562. 
1945), is a later homonym of Manilkara emarginata Lam (1925). The spe¬ 
cies I had in mind properly becomes ManUkaa-a jaimiqui (Wright) Dubard, 
Ann. Col. Inst. Mars. III. 3; 16. 1915. The following new combinations 
are necessary; 

Manilkaba JAIMIQUI (Wright) Dubard subsp. jaimiqui (Wright) Cron- 
quist, comb. uov. Mimusops jaimiqvi Wright in Griseb. Cat. PI. Cub. 64. 
1866. 

Manilkara jaimiqui (Wright) Dubard subsp. emarginata (L.) Cron- 
quist. comb. nov. tiloanea emarginata L. Sp. PI. 512. 1753. 

Manilkara jaimiqui (Wright) Dubard subsp. wrightiana (Pierre) 
Cronquist, comb. nov. Mimusops wrightiana Pierre, Symb. Ant. 6: 171. 
1904. 

Manilkara jaimiqui (Wright) Dubard subsp. haitensis (Cronquist) 
Cronquist, comb. nov. Manilkara emarginata subsp. haitensis Cronquist, 
Bull Torrey Club 72 : 558. 1945. 

In my treatment of the North American Sapotaceae (Lloydia, in press), 
I included the single species of Oxythece in Pouteria, following Eyma’s 
reasoning that the presence of irregularly developed staminodes in some 
species (including the North American one) invalidated the distinction 
between the two genera. I now feel that, although the technical character 
does break down, Oxythece is better treated as a distinct genus. It appar¬ 
ently forms a natural, readily recognizable group, not too difficult of defini¬ 
tion, and may be nearly as closely related to Pradosia as to Pouteria. 

Oxythece pallida (Gaei-tn. f.) Cronquist, comb. nov. 

Lueuma pallida Qaerta. f. Fruct. S: 130. pi. i04. 1807. 

Oxythece hahnianum Pietro ex Dues. Aau. Tnet. Col. Mara. S: 387. 1897. 

Oxythece fahrUit Pierre, Symb. Aat. 5:160.1904. 

Pouteria pallida Baehni, Candollea 9: 352. 1943. 
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It is interesting to note tbst Baeibni is so impressed by the importance 
of the developm^t of staminodes, as opposed to endosperm, as the distinc¬ 
tion between Pouteria and ChrysopkyUum (in his greatly estended defini¬ 
tion of each) that he dismembers this species and refers the estaminodial 
extreme {Oxytkece f&brilis) to “OhrysophyUum sp.” 

Oxythece schcnnburgkianum (Miq.) Cronquist, comb. nov. 

Myravne sehomburgJciana Miq. in Mart. FI. Bros. 10; 315.1856. 

Chry$ophyU'wm oleaefolitm Spruce ex Miq. in Mart. PI. Bros. 7; 101. 1863. 

This species has the leaves merely glabrous rather than glaucous beneath, 
with the secondary lateral veins a little more evident than is usual for the 
group, but is otherwise very similar to Oxythece, and does not seem to 
belong anywhere else. Short of reviving the ill-defined monotypic segregate 
Elcteoluma for it, the species must be referred to Oxythece. 

Oxythece ferreirii Cronquist, sp. nov. Twigs coarse, glabrous; leaves 
opposite or offset, glabrous, the blade elliptic, blunt, 8-15 cm. long, 4-6.5 
cm. wide, the petioles stout, about 1-1.7 cm. long; primary lateral veins 
arcuate, impressed above, slightly impressed and loosely reticulate beneath; 
secondary lateral veins obscure above, slightly impressed and loosely reticu¬ 
late beneath; flowers clustered in the axils, the pedicels glabrous, about 4-5 
mm. long; sepals glabrous, rounded, elliptic or ovate, about 3.5-^ mm. long; 
corolla glabrous, about 4-6 mm. long, the tube very short; staminodes none; 
filaments straight, attached at the level of the sinuses; anthers about 2 mm. 
long; ovary closely appressed-hairy, 3-looular; style glabrous, 2 mm. long; 
fruit unknown. 

Arbor, ramulis crassis glabris, foliiti glabris ellipticis obtusis 8-15 cm 
longis 4-6.5 cm. latis, petiolo 1-1.7 cm. longo, venis primariis arcuatis supra 
impressis infra vix elevatis, venulis supra obscuris infra tenuiter impressis 
laxe reticulatis; flores axillares pedicellis glabris 4-5 ram. longis, sepalis 
glabris 3.5-6 mm. longis, corolla glabra 4^ mm. longa tubo brevissimo, 
staminodiis nullis, filamentis fauce afilxis antheris-2 mm. longis, ovario 
3-loculare, stylo glabro 2 mm. longo; frnctus ignotus. 

Type: Ferreira 516, Brazil (K). 

Additional specimen: Pebp: Loreto: Williams 3669, lquito.s (P). 

This species is obviously related to 0. schombvrgkiavum, but differs in 
its broader leaves, longer petioles, and slightly larger flowers. 

Pouteria subseasilifolia Cronquist, sp. nov. Shrub about 3 m. high, 
with thick scanty latex; young twigs rather coarse, finely and rather loosely 
haiiy; leaves firm, elliptic-oblong, obtuse or rounded at the apex, rounded 
or snbcordate at the base, about 3.5-6.5 cm. long and 16-37 mm. wide, 
pubescent on both sides with short-stalked two-forked rufous hairs, soon 
becoming glabrous above, only in age if at all glabrate below, but the hairs 
eventuaUy fading; primary lateral veins about 10-18 pair, not very promi¬ 
nent; secondary lateral veins obscure; petioles short and stout, about 2-4 
nun. long; flowers about 5-15 in axillary clusters which may develop an 
axis as much as 15 mm. long; pedicels rufous-hairy, about 6-9 mm. long; 
sepals 5, hairy like the pedicels, about 1.8-3,5 mm. long; corolla about 3.^ 
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3.8 mxQ. long, sometimes scarcely exceeding the sepals, the 5 loboi rotmded, 
slightly auricuiate, a little longer than the tube; filaments short, attached 
abwt at the level of the sinuses; anthers introrse, 1.0-1.3 mm. long; stami- 
nodes irregularly developed, about 0.3-0.6 mm. long, or some of them appar¬ 
ently wanting; ovary 2-locular. with laterally attached ovules; style gla¬ 
brous, about 1.5 mm. long; fruit unknown. 

Frutex 3 m. alta, foliis elliptico-oblongis subsessilibus basi rotundatis vel 
subcordatis, 3.5-6.5 cm. longis 16-37 mm. latis, utrinque molliter pubescen- 
tibus supra glabratis, venis primariis ca. 10-18-jugis vix prominentibus, 
venulis secoudariis obseuris; flores axillares 6-9 mm. longe pedieellati, 
sepalibus 5 rufo-pubescentibtts 1.8-3.5 mm. longis, corolla ca. 3.2-3.8 mm. 
longa 5-lobata lobis tubi paullo superantibus, filamentis brevibus fauce 
alBxis, aiitheris introrsis, staminodiis irregulariter produetis ca. 0.2-0.6 
mm. longis, oyario 2-loculare stylo glabro 1.5 mm. longo; fructus i^otus. 

Ttpe; Froes 1033, Andaraby, Serra do Conielio. basin of River Para- 
guassu, Bahia, Brazil, October 13,1942 (A); isot^’pe in herb. B. A. Krukoff. 

Local name: Massaranduba. 

The affinities of this species are uncertain. Its 5-merous flowers and 
2-ceIled ovary exclude it from any of the sections as defined by Baehni. In 
his artificial key to the species it becomes lost among several strictly old- 
M’orld species which are referred by other authors to Planehonella. Since sev¬ 
eral species of Pouteria are known to have both 4-nierous and 5-merous flow¬ 
ers, and there is a group of species with 4-merons flowers and 2-celled ovaries, 
its affinities may well lie with these, the section Diseoltima as defined by 
Baehni. It is interesting to note that several of the species included by 
Baehni in this section, which he clearly defines on page 219 of his treatment 
to include only species with 4-merous flowers, are described by him as hav¬ 
ing 5 sepals and 5 corolla-lobes. Within this section, the broadly rounded to 
subcordate bases of the subseasile leaves distinguish P. subsessiUfolia, and 
further vegetative and floral difference are seen Avhen it is comuared with 
any one of the species. 

Pouteria trilocularis Cronquist, sp. nov. Tree about 25 m. high, but¬ 
tressed at the base, with thick scajity latex; young twigs closely and ob¬ 
scurely sericeous, soon glabrate; leaves rather narrowly elliptic-obovate or 
merely elliptic, acuminate to occasionally rounded or obtuse at the apex, 
narrowed to the base, about 10-28 cm. long and 3-11 cm. wide, glabrous; 
primary lateral veins about 7-12 pair; secondarj' lateral veins tending to 
become perpendicular to the primary ones, toward the margin, but irregular 
and not much more prominent than the conspicuous and not very fine reticu¬ 
lum; petioles about 1-2.5 cm. long; flowers fairly numerous in axillary 
clusters or at recently defoliated nodes, the pedicels sericeous, about 4-6 
mm. long; sepals 5, sericeous, firm, ovate or deltoid-ovate, acute or aeuminate, 
about 3.4^.0 mm. long; corolla firm, glabrous, tubular, scarcely exceeding 
the sepals, about 3.€-4.7 mm. long, the lobes about as long as the tube; 
filaments i^ort and thick, only about 0.5 mm. long, inflexed, attached at or 
near the level of the sinuses, often without anthers; anthers about 0.7-l,2 
mm. long; staminodes glabrous, inflexed, ovate, acuminate, about 0.8-l,l 
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am. long; ovary de|>re8sed, idmost diseiform, closely hairy, obscurely about 
4 lsl>ed, Sdoicular j style glabrous, nearly 2 nun. long; stigBka'lobea 3 j yoamr 
fruits show mlargement of one locule at the expense of the others, with seeds 
atta<di«d along a narrow line for their whole length, indicating that the 
mature fruit '^l probably be l-seeded, and the seed have a long Imear scar; 
mature fruit not seen, but reputedly 3 cm, thick, yellow, and edible. 

Arbor 25 m. alta, ramulis juventutis obscure sericeis mox glabratis, foliis 
glabris ellipticis vel saepius elliptico-obovatis ca. 10-28 cm. longis 3-11 cm. 
latis, venis primariis 7-12-jugiB, petiolis ca. 1-2.5 cm. longis; flores faseicn- 
lati pedieellis 4-8 mm. longis, sepalibus sericeis aeutis 3.4-4.0 mm. longis, 
corolla ^bra 8.6-4.7 nun. longa, lobis tubo subaequalibus, filamentis erassis 
0.5 mm. longis fauce afifixis saepe anantheris, antheris 0.7-1.2 mm. longis, 
Staminodiis inflexis acuminatis 0.8-1.1 mm. longis, ovario depresso 3-loenlare, 
stylo glabro vix 2 mm. longo; fruotus edulis aureus 3 cm. crassus traditum 
est. 

Type: A. Moysey Adams 2070/wll, terra firnia, Macapa, iBaco de Acre, 
basin of Rio Purus, Acre Territory, Brazil, April 26, 1944 (NY). 

Local name; Abiurana. 

Three other collections, all in young fruit, are known from Acre Terri¬ 
tory, near tiie mouth of the Rio Macauhan, a tributary of the Rio Vaco, in 
the basin of the Rio Purus. These are Krukoff 5283, 5338, and 5531. They 
were distributed as Sideroxylon holis'ianum, which is a synonym of Chryso- 
phyllum gonocarpum. 

This species is related to P. inflexa (A C. Smith) Baefani, from north¬ 
western Matto Grosso, and P. obseura (Huber) Baehui, from 1000 miles 
away in Para. It agrees with both of these in its S-merous flowers, corolla- 
lobes about as long as the tube, filaments attached at the corolla-throat, and 
trilocular ovarj’. The three species may be distinguished by the following 
key: 

1. Ovary ovoid or subgloboae, its stylo about 4 mm. long; staminodes e^ect; 

^laments about as long as the anthers; lea\*es rufous-tomentose along 
the midrib beneath; sepals and young twigs rufous-tomentulose; pedi* 
eels about 2-3 mm. long; Para* P* ohsoitra, 

1. Ovary depressed, its style about 2 mm. long or less; staminodes indexed; 

^laments distinctly shorter than the anthers, only about 0.5 mm. long; 
leaves glabrous; sepals and young twigs merely sericeous; pedicels 4-40 
mm. long; Aere Territory and northwestern Matto Grosso. 

2* Corolla glabrous; pedicels about 4^8 mm. long; flowers more than 5 in 
a cluster; staminodes acuminate; leaves about 10-28 cm. long, on 
petioles 1-2.5 cm. long. P. irilocuiarvu. 

2. Corolla sericeous; pedicels about 25-40 mm. long; flowers about 2-5 
in a cluster; staminodes obtuse; leaves about 8-12 em. long, on peti¬ 
oles 7-12 mm. long. p. inflexa, 

Pradaeda mutisii Cronquist, sp. nov. Similar to P, glycyphloea, of 
aoutlieasteru Brazil, in its small (np to 12.5x5 cm.), alternate leaves with 
long (1-3 em.) slender petioles, and in its small subs^ile flowers; differing 
k the more numerous primary lateral veins of the leaves (about 15-25 pair), 
in the evident close reticulum of the secondary veins, in the glabrous sepals, 
and in the sfcort conic style only about 0.5 mm. long; fruit unknown. 
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A P. glycyphloeae differt venig numerogioribua (15-^25-iugfis), veaulis 
dense et perspicue reticulatis, sepalis glabris, stylo brevi ca, 0.5 mm. longo. 

Tyfb: Muth 4004, Colombia (US). There are three other sheets at US, 
bearing the numbers 192, 1020, and 2324, but on each of these has been 
penciled 4004, and all four sheets look enough alike to have come from the 
same collection. 

Sysygtopsis sericea Cronquist, sp. nov. Tree 10-15 m. tall, with an 
irregular crown; leaves opposite or slightly offset, elliptic, 5-11 cm, long, 
2.5-5.5 cm. wide, obtuse or with a short blunt acumen, glabrous and shining 
above, rufous-sericeous beneath, glabrate or subglabrate in age; primary 
lateral veins about 6-8 pair, arcuate, strongly ascending, sharply raised be¬ 
neath ; secondary lateral veins numerous, jSne, parallel, nearly perpendicular 
to the midrib, hidden beneath the pubescence; petioles flattened, about 6-10 
mm. long; flowers small, the persistent reniform sepals less than 2 mm. long; 
fruit ellipsoid-globose, bitter, about 2 cm. long; seed solitar\% compressed, 
with a long narrow lateral scar; endosperm present; embryo with thin coty¬ 
ledons and well-developed caudicle. 

Arbor 10-15 m. alta, foliis oppositis vel suboppositis ellipticis 5-11.5 cm. 
longis 2.5-5.5 cm. latis obtusis vel obtuse breviterque acuminatis supra 
glaibris infra rufo-sericeis in extremis plus minusve glabratis, venis lat- 
ebalibus primariis arciiato-ascendentibus 6-8-jugis, venulis numerosis tenuis- 
simis retieulato-parallelis ad eostam perpendieularibus, petiolis 6-10 mm. 
longis; Acres parvi sepalis vix 2 mm. longis; fructus ellipsoideo-globosus 
2 cm longus; semen solitarium area derasa lineari lateral! albumine 
recondite. 

Type: Llewelyn Williams 1507i, San Antonio, Rio Orinoco, Venezuela, 
121 meters, April 27, 1942 (US). 

In the absence of flowers, the generic position of this species cannot be 
determined with absolute certainty, but the leaf-venation (espeeiall.v the 
numerous fine parallel secondary veins extending at right angles to the 
midrib) is so similar to that of Syzygiopsis appositifolia that I am convinced 
the two are congeneric. Syzygiopsis is the only endospermous American 
genus of the family known to have opposite leaves, but too much stress 
should not be placed on this feature, since several non-endospermous^genera 
must perforce include both opposite-leaved and alternate-leaved plants. 

Syzygiopsis sericea differs from 8 . oppositifolia in its shorter, broader, 
blunter leaves, that have fewer primary lateral veins and are conspicuously 
sericeous beneath, the leaves of S. oppositifolia being glabrous. 

The New* York Botanical Garden 
New York 
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Mlttiites of the Special MeeUiig ^ laauarsr 8i 1946. The special meeting of the 
Torrey Botanical Oub on Tuesday, January 8, 1946, marking the closing of the Fiftieth 
Anniversary celebration of the founding of Tho New York Botanical Garden began with 
a luneheon at 1:00 p.m. in the Member ^s Boom of the The New York Botanical Garden 
with 60 people present. After a delightful luncheon and social hour, the scientific program 
was opened at 2:00 p.m. by President Beaver. Seventy-five people' attended this. Or. 
Bobbins, Director of The New York Botanical Garden, spoke a few words about the 
history and relationship of the two organizations. ^ 

llie following addresses were presented; 

Professor Lauren 0. Petry —* * The Place of Botany in General Education. ’ ^ 

General education has been defined as education for an informed responsible 
life in our society.'' The teaching of the sciences in the colleges and universities 
has been more effective in informing students than it has Ijoen in increasing their 
awareness of their responsibilities or their teoden'^y to act in accordance with them. ♦ 
It is proposed to organize the subject-matter of botany courses on the basis of the 
fundamental concepts and generalizations of tlie science, and to adopt teaching 
methods designed to develop In students habits of analysis, cntielsm, theory formu¬ 
lation, verification, and generalization. It is further proposed that teachers of 
science at the college level should discuss in detail the practical social, economic, 
and political problems which science is creating and should indicate the methods to 
be employed in seeking solutions. 

Professor Jacob B. Bchrumm—^*The Object of a Ooutsm* in Botun^' for College Students. 

Professor Edmund W. Binnott—^ ‘ Botany in the Next Half Century, ’ ^ 

At a time when we celebrate the close of half a century for an institution like 
The New York Botanical Garden, it is perhaps worth while to look ahead to the 
next few decades and try to see the development which l>ottinica] stdence may be 
expected to undergo in the future. 

The great advances in the physical sciences will certainly liave their rcpercus 
sions in botany. New teehnidues—tagged atoms, radiations of many sorts, the 
electron microscope and others—^ill make it possibh* to attack problems which were 
heretofore Insoluble, Among these are the physical and chemical structure of living 
substance, about which we np^y expect to learn a great deal in the future. The ac¬ 
tivities that go on in living systemjs can also be analyzed far more fully than tiefore. 
The advances in biochemistry, particularly, will make it possible to follow in more 
complete detail the various stages in such metabolic reactions as are concerned in 
respiration and photosynthesis. Growth and development will l>e an active spot. 
The general problems of morphogeneMia—*the controlled development of living 
things—which is perhaps the central and ultimate problem of biology may be ex¬ 
pected to yield at least in part to new methods of attack. Evolution, the )>toblems 
of which were thought to be largely solved a generation ago, will certainly be ac¬ 
tively studied in the fixture with the techniques of genetics and cytology. Taxonomy 
is* already being revitalised by such research. The problems of the past history of 
the plant kingdom^ are by no means solved and much remains to be done here. 
Indeed, the plant population of the earth is only imperfectly known even today and 
we may expect much from a fuller exploration of all parts of the world. 

ktoy new practical applications will result from this advanced knowledge in 
the plant sciences. In agriculture the continued application of knowledge of 

472 




m^} 




m 


genetics will nndoubtedlj produce improted types of plants and better control 
of disease. Tbe tremendous increase in our chen^l knowledge by which so many 
products heretofore made only by plants can now be synthesised will ha^e its eifeet 
upon agriculture. However, even with these advances in chemistry the fundamental 
syntheses of carbohydrates and amino acids are still made only by plants. It may 
well be that in the future agricultural crops will be grown primely for total 
carbohydrate or protein yield ratlier than for speeide products. The development of 
tropical agriculture should be important in this connection. The sea produces an 
enormous amount of plant material, only a tiny fraction of which is now utilised. 

Despite the development of atomic power much of the energy needed by our 
indnstri^ civilisation will still come from plant products. As coal and petroleum 
become scarcer, we shall have to depend on photosynthesis by living plants for this 
purpose. Techniques are already known by which much of the photos^nthetic ac¬ 
tivity of the glol^ can be used for the production of fueL 

In medicine the discovery of penicillin shows how important plant syntheses 
can be for the healing of disease. Many new antibiotics are now l^ing developed 
from the lower plants and botany is agldn assuming its ancient role as a source of 
medicinal materials. 

Predicition is rash and many unexpected events may change the future of our 
science, but the next fifty years will certainly be a time of adventure and excite¬ 
ment for botanists of every sort. 

After discussion of these papers, the group was adjourned at 3:45 p.m. 

Respectfully submitted, 

Frakcxs E. Wynne, 
Recording Secretary 

Mi nu tes of the Annual Meeting of January 8, 1946. The annual dinner meeting 
was held on the evening of Jauuaiy 8th at the Men’s Faculty C'lub of Columbia Uni¬ 
versity. There were 94 members and friends present. The business mec^tiug was called to 
order by the retiring president, Dr, Beaver, at 7:30 p.m. The minutes were approved as 
read. 

Two persons were elected to memlnsrship in the club. 

The following officers and chairmen of standing committees made reports: 

Dr. Bimpson, Correatponding Secretary 

Dr. Wyune, Hecording Secretary 

Dr. Fulling, Treasurer 

Dr. Rickett, Editor 

Dr. Clum. Editor of Torreya 

Dr. Bmall, Chairman of the Field Committee 

Dr, Karling, Bistorian 

Dr. Dodge, Delegate to the K, F. Academy of Sciences, 

Dr. Robbins spoke a few words on the relationship between the New York Botanical 
Garden and the Torrey Botanical Club and the club’s part in founding the Garden, 

Dr. Beaver then introduced the guest speaker of the evenings Dr. Joseph Brandt, 
President of Henry Holt A Co,, who gave a very interesting and stimulaGug paper, 
^‘Science Writing and Politics,” 

Dr. Seaver then announced the election of officers as follows: 

Presideni —^Dr. P. W. Zimmerman 
Ut Vice President —^Dr. John A. Small 
Snd Vice President-^Dr, Henry K. Sveuson 
Corresponding 8eeretary^I>t, Jennie L. S. Simpson 
Mecording Secretary —^Dr. Frances^. Wynne 
Treasnrer-^Df, E. H. Fulling 
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E^ld W. Beckett 

I^useHa 8chwarten 

BnMness M€tndpar-^I>t, Anne Haneon 
DeUpate to the Couneil 

of the N, y. Acad, of Sciences —^Dr. Bernard 0* Bodge 

Mennhers of the Council 

Dr. George S. Avery 
Br. W. H. Oamp 
Br. Arthur H. Graves 
Br. George H* Shull 

SeprescniaUve on the Council of A.A,A,B, 

Br. C^rge S. Avery 
Br. Michael Levine 
% 

JRepresentative on the Board of Managers of the 
New York Botanical Garden 

Br. Henry A. Gleason 

Br. Karling moved that the officers elected by vote be approved. The motion was seconded 
and passed. ^ 

The meeting was then turned over to the incoming president* Br. Zimmerman^ who 
spoke a few words of greeting to the club. 

The meeting was adjourned at 8:30 p.m. to permit informal discussion and conver¬ 
sation with friends. 

Beapectfully submitted; 

Feanckr E. Wy^jne, 
Beoording Secretary 

Minates of the Meeting of Jannaxy 16, 1646. The regular meeting of the Torrey 
Botanical Club was called to order by President P. W. Zimmerman at The New York 
Botanical Garden with 35 members and friends present. Minutes of the annual meeting 
and announcements of new officers were read and approved. 

The resignation of Br. Frances E. Wynne as Becording Secretary was accepted, and 
Dr. E. E. Naylor nominated and elected as acting Recording Hecretary. 

President Zimmerman named three meml)er8 to function as a committee for the 
Cumulative Index of the Bulletin as follows: Br. Beaver, Chairman, Dr. Rickett, and Dr. 
Karling. 

It was moved and seconded that reprints of the section of the Bulletin^ formerly 
Torreya, be sent to associate Members for a period of one year at a total cost to the club 
of not more than 4100. 

President Zimmerman asked for suggestions for a suitable chairman of the Field 
Committee to replace Br. Small. Some discussiou followed. Mr. R. Platt and Br. Rvenson 
were suggested, but no action was taken. 

The seientidc portion of the program consisted of a very interesting and informal 
talk by Br. W, H. Camp on ‘ ^ Plant Hunting in Ecuador. ^ ^ 

The meeting was adjourned at 4; 30 p.m. for tea and general discussion. 

Respectfully submitted, 

Francks E. Wynne, 
Recording Secretary 

Mtimtes of the Heatjiig of FehJmary 6, 1946* The regular meeting of the Torrey 
Botanical Club was called to order by President Zimmerman* at 8:15 p.iii, at Columbia 
University. Minutes of the meeting of January 16th were approved as read. 
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President Zimmerman announced that Mr. Ajelio of Columbia tlniversity Itad been 
suggested as a candidate for the oi&ee of Beeording Secretary for the Club. Mr» Ajello 
was nomixmted and elected without discussion. 

Two new members, already passed at the Council meeting were elected to associate 
membership. 

The only other hnainess was the appointment by the President of X>r. Cornelia L. 
Carey and Miss Honor H. Hollinghnrst to fill vacancies in the council. 

The scientific program of the evening was a paper presented by J>r. George M. Hoek^ 
ing on *^The Pharmaceutical Botany of Peppermint.'^ The spealUr's abstract follows: 

First, pharmaceutical botany (or medical botany) was defined as paralleling 
in a general way the various fields of general botany, but the plants studied are of 
medicinal interest: the chief emphasis being put of course on practical aspects, 
as far as this is possible. Discussion then followed on the importance of Pepper¬ 
mint, as reflectad in Its wide usage, cultivation and inclusion in pharmacopoeias. 

Its nomenclature uCas briefiy discussed, together with W'hat is known of its hybrid 
origin, discovery and spread from England to the Continent and then to America. 
Areas of cultivation in this country, mode of propagation and tillage, methods of 
harvesting and distillation were considered. 

The reputedly largest mint farm at Mentha, Michigan, w^ns briefiy described. 

The importance of the volatile oil and its chief component, menthol, were discussed. 

7he uses of the plant were illustrated and its importance technically as well as in 
foods, medicines and masticatories was indicated. All parts of the plant are used, 
even the spent herb coming from the still. 

Three useful means of identification of the leaf (etc.) by hbtqlogical methods 
were detailed; (a) leaf vein islet counts, (b) triehome characteristics, and (c) 
palisade cell ratios. Of these, the first and second are frequently adequate in fixing 
identity of a jmwdered leaf material, whereas the third method is used mainly for 
confirmation. 

The author has carried out determinations for various species of Mentha with 
both leaf \ein islet counts and palisade ratios. In this work, he found that the 
value of vein islet counts for plants growing outside during the summer months 
showed a high degree of correlation within the species, but that leaves developed 
in the winter (in greenhouse) showed lower values in plants from identical stocks. 

Triehomes of mechaiiical type are of considerable help in identification of 
species, as was illustrated, whereas glandular hairs are considered of very little 
value on account of the similarity of these structures in various 8))ecies of Mentha 
and indeed throughout most Labiates. 

Twenty-six members were present. The meeting adjourned at 9:15 p.m. for tea 
served by memliers of the Botany Department of Columbia University. 

Respectfully submitted, 

E. E. NATLoa, 

Acting Eecoreltnp Secretary 

Minatts of the Meeting of February 20, 1946. The regular meeting of the Torrey 
Botanical Club was called to order by President Zimmerman at 3:30 pan. at The Kew 
York Botanical Garden. Twenty-five members were present. Minutes of the meeting of 
February 5th were approved as read. 

There was no new or old business to transact and accordingly the meeting was turned 
over to Dr, Fredda D. Beed, who presented a talk on ^ * Carlmniferous Plants and Some 
Problems of Evolution.'' 

The meeting adjourned at 4:45 p.m. for tea served by mem)>ers of The New York 
Botanical Garden. 

Bei^ectfuliy submitted, 

Libbbo AjniitiO, 

Recording Secretary 
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ICUlU^s 0f of MMfOli fi, 1M6« The tegtilar meeting of the Torrejr 

Botimieel C^b me ealled to order Dr. Bimmonnen at Hantar College at 8:^ p,iiu 
with 150 member» and gtmete present. 

The mmates of the meeting of February ^Oth were approved as read. 

The reeording secretary read the foUowliig motion which was approved utumimeualy: 
^^That the Club go on record as favoring an arrangement with the Society of American 
Flant Taxonomists to furnish this Society at cost price reprints of the ^ Index to Ameri¬ 
can Botanicfii Idteratnre’ from the B^etm for distribution to the members of the 
Society in place of the * Taxonomic Index. ’ ^ ’ 

Dr. J. S. Earling presented a report on the Biological Institute whicli is to be or¬ 
ganised at ihe coming St Louis meetings. This institute will fill the need for a close-knit 
biological organization which will be able to represent biologists in national and other 
affairs. 

There was no further business, and so the meeting was turned over to Mr. Rutherford 
Platt who presented a most stimulating lecture on *<Art Forms in Natureillustrated 
with excellent kodachroines. 

The meeting adjourned at 9:20 p.in. and tea was served by the Bjiuter Faculty. 

Respectfully submitted, 

LIBXBO A.TELLO, 

Recordmg Seereiarg 


Mtnutea of the Meeting of March 20, 1946. The regular meeting of the Torrey 
Botanical Club w^as called to order by Dr. Zimmerman at Fordham University at 4:00 p.m. 
with 67 members and guests present. 

The minutes of the March 5th meeting were approved as read. 

Dr. Simpson announced that there is to be an additional met^ting of the Torrey Bo 
tanical dub on the evening of Monday, April 15th, at Columbia University. Dr. J. Van 
Overbeek will address the Society at that time. 

There was no further business and the meeting was turned over to Dr. 0. A. Berger 
who presented a paper on Naturally Occurring Tetraploidy in the Development of 
AUium.*^ The speaker’s abstract follows: 


Polyploid mitotic divisions were found to occur in the large cortex cells of the 
cotyledon of all yaung seedlings of Allwm cepa. They were very abundant in seed¬ 
lings approximately 15 mm. long, where they were found throughout the cotyledon. 
In seedlings about 20 mm. long these divisions were concentrated at the base of the 
cotyledon. In seedlings longer than 20 mm. polyploid divisions were very scarce. 

In the long resting stage preceding the di^sion, a double reduplication of th(> 
chromosomes takes place. As a result from earliest prophase to metaphase the chro¬ 
mosomes consist of four chromatids held together by a single nn^vided spindle 
attachment region ^tetra-chromosomes). At metaphase two successive divisions of 
the spindle attachment regiok occur. After the first division the tetraploid number 
of metaphase chromosomes can be counted and the chromosomes are arranged in 
pairs. The second division of the spindle attachment region results in the separa¬ 
tion of diromatida, which then undergo normal anaphase movement. Two tetraploid 
cells result. These polyploid cells apparently undergo only one mitotic division, since 
onl^ metaphases with paired chromosomes were found. 

This is one of the few cases in which the role of polyploidy in normal develop 
ment is shown by the direct evidence of polyploid mitotic divisions. 


The meeting adjourned at 5:00 p.m. 

Tea and coffee were served prior to the meeting by members of the Fordham 
Faculty. 


Beiqpectfully submitted, 

Libxbo Ajbu.0, 

M^cording Bwetary 
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MUmM of fHo Hootitif of April 2, XMB« The regular eveiiiug meeting of the 
Torrey Botanical Club waa called to order I>r« jSImmerman at Ck»in]]ibda University at 
S;30 p.m« with 26 members and guests present. 

The minutes of the March 20th meeting were approved as read, 

Pr. Zimmerman announced that Ihr, J« Tan Overbeek is to address the club at a 
8i>ecial meeting at Columbia University on April 15th. 

The speaker of the evening, Dr, Robbins, was not able to attend and the meeting was 
turned over to Dr, Karling and Dr, Zimmerman who informaBy discussed the meetings 
of the A.AA.S, held recently in St. Louis. 

The meeting adjourned at 9:15 p.m. Tea and cakes were served by members of the 
Columbia Faculty. 

Respectfully submitted, 

Libe&o Ajsi^lo, 

Mecording Secretary 

BHiiiites of the Apodal Moetiiig of April 15, 1946. The special meeting of the 
Torrey Botanical Club was called to order by Dr. J. A. Small at 8:15 p.m. at Columbia 
University with 34 members and guests present. 

The reading of the minutes of the previous meeting was omitted and Dr. Small in* 
troduced the speaker of the evening, Dr. J. van Overbeek, head of the Department of 
Plant Physiology of the Institute of Tropical Agriculture, Mayagiiea, Puerto Rico. The 
speaker’s abstract follows. This was prepared by Dr. Marie £. Conklin at the speaker’s 
request. 

Emphasising that the plant research program at Mayagiiez is being directed 
toward solving problems of both a purely scientific and a practical nature, Dr. van 
Overbeek proceeded to cite examples from each of these categories of research which 
IS currently in progress at the Institute. Investigation of both chemical and bio¬ 
logical aspects of the relation of hormones to the growth, rooting, flowering and 
fruiting of tropical plants and the application of the results of these investigations 
to tropical agricultural has been the main objective of this research group. 

J^ndamental research on the physiological function of leaves in the process of 
loot formation has been conducted on cuttings of Hibutnis and other plants. It 
was found that cuttings, from which leaves had been removed, rarely rooted, even 
with the addition of indole butyric acid. A combination of indole butyric acid and 
nitrogenous compounds such as ammonium sulphate or arginine in the presence of 
sucrose, produced excellent root formation comparable to that of the cuttings with 
leaves attached and indole butyric acid added. These data clarified the relation of 
hormones and plant nutrients in the process of root formation* Cuttings of Cacao 
and Hevca, which are extremely difficult to root, were made to root by applying the 
method of submerging in water immediately after cutting to avoid plugging the 
vascular system with the plant’s mucoid exudate. 

Pineapples, it was found, could lie stimulated to bear flower and fruit, if 
treated with 0.001% naphthalene acetic acid (or 2-4D}, applied to the center of 
the plant. The exact w'cight and size of fruit can be predicted, for there is a definite 
correlation between tho number of leaves on the plant at the time of treatment, 
and the resulting fruit. By using for treatment a variety of pineapple which under 
natural conditions flowers with difficulty, complete crop control is possible. Thus 
for a cost of one dollar, over 50 acres of pineapples can be treated, and both the 
time of harvest and the size of the fruit are controlled. The possibility of hormonal 
control of flowering in other plants is under investigation. 

Use of hormones, or hormone analogs for weed control, particularly in the 
sugar cane fields, is proving very suceemiful in Puerto Rico. HaM hoeing of sugar 
cane fields has been the usual procedure, at a cost of about $40.00 per acre. By 
spraying with 0.05 to 0.1% 2-4b, Coiaifteltiia, Cyperu»y and other we^s are effec¬ 
tively destroyed without damage to the cane, at a eost of $4.00 or less per acre. 
Weed eradication in cane fields is very important to insure maximum yield of 



478 


Bvujms oir mz Tonmt cvxjb 


{Voim n 


Itigar Ify p^rmlttixkg e)a$e ta the ground. Ipomoea ean also be suecessfully 

eontrolled in ibis w^y In eoifee plantations^ where it smothers the trees. 

Following hie presentation of seientifle data^ Dr. van Overbeek tiiowed a series 
of beaotiful kodaehrome slides from the large collection he has made while in ^e 
tropics. They were of unusual interest because they showed the natural beauty of 
Puerto EicO) while serving to illustrate the experimental work which is being con¬ 
ducted on the native economic crops of sugar cane^ pineapple, coffee^ vanilla and 
mango. 

The meeting adjourned at 9: Id p.m. 

Tea and cakes were served by members of the Oolumbia faculty. 

Bespoctfully submitted, 

LiBEftO Ajello, 

M^coriimg i^ecretafg 

hCinntos of the Meeting of April 17, 1946. The regular afternoon meeting of the 
Torrey Botanical Club was called to order by Dr. Zimmerman at tlie American Museum 
of Natural History at 3:45 p.m. with 9 members and guests present. 

The minutes of the April 2nd meeting were approved as read. 

Dr. Zimmerman noted that the change in location of the day^ meeting was an 
attempt to improve afternoon attendance by selecting a more centrally located meeting 
place. 

There was no further business and the meeting was turned over to Dr. Svenson who 
spoke on the ^^Belation of the Galapagos Flora to That of the South American Main 
land.'' 

The meeting adjourned at 5:00 p.m. 

Bespectfully submitted, 

Libebo Ajello, 

Recording Secretary 

Minutes of the Meeting of May 1,1946. The regular evening meeting of the Torrey 
Botanical Club was called to order by Dr. Zimmerman at Columbia University at 8:00 
p.m. with 37 members and guests present. 

The minutes of the April 17th meeting were approved as read. 

There was no business to transact and the meeting was turned over to Dr. W. J. 
Bobbins, who spoke on some of liis recent research on Phycomyees BlaketfUeanua and some 
of the Dermatophytes. 

The meeting adjourned at 9:30 p.m. Tea and cakes were served by meuibers of tbei 
Colombia faculty. 

Respectfully submitted, 

Libero AjELIjO, 

Bfcarding Seerefary 

News Notes 

Books and Sdentific Periodicals Needed. During the war^ the libraries of half the 
world were destroyed in the fires of battle and in the fires of hate and fanaticism. Where 
they were spared physical damage, they were impoverished by isolation. There is an 
urgent need—now—for the printed materials which are basic to the reconstruction of 
devastated areas and which can help to remove the intellectual blackout of Europe and 
the Orient. 

There is need for a pooling of resources, for coordinated action^ in order that the 
devaeUted libraries of the world may be restocked as far as possible with needed American 
publications. The American Book Center for War Devastated Libraries, Inc. has come 
into bmng to meet this need. It is collecting and shipping abroad scholarly books and 
periodicals which will be useful in research and necessary in the physical, economic, 
social and industrial rehabilitation and reconstruction of Europe and the Far East. 
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Since sliipping facilities are precions and demand tliat all nuiterials be carefully selected^ 
emphasis is placed upon publications issued during the past decade^ upon aeholaiiy books 
which are important contributions to their upon periodicals (even incomplete 

volumes) of significance^ upon fiction and non*fi.ction of distinction. All subjects—history, 
the social sciences, music, fine arts, literature, and especially the sciences and technologies 
--^are wanted. 

The following materials are not needed: textbooks, outdated monographs, recreational 
reading, books for children and young people, light fiction, materials of purely local 
interest, popular magazines such as Time, Life, National O^eographic, etc., popular non> 
fiction of little enduring significance such as Gunther’s Innide Europe^ Haliburton’s Eoyal 
Road to Romance, etc. Only carefully selected federal and local documents are needed, 
and donors are requested to write directly to the Center with regard to specific documents. 

The Center cannot purchase books and periodicals; it must depend upon gifts from 
mdividuals, institutions, and organizations. Each state will be organized to participate in 
the program through the leadership of a state chairman. Other chairmen will organize 
interest in the principal subject fields. Cooperation with these leaders or direct individual 
contributions are welcome. When possible, periodicals should be tied together by volume, 
and missing issues should be noted on incomplete volumes. All shipments should be sent 
prepaid, via the cheapest means of transportation, to The American Book Center, c/o 
The Library of Congress, Washington 25, D. C. Although the Center hopes that donors 
will assume the costs of transportation of their materi^ to Washington, when this is 
not possible reimbursement will be made upon notification by card or letter of the aniom.t 
duo. The Center cannot accept material which is sent coll^. Keimbursement cannot be 
made for packing or other charges beyond actual transportation. 

The Kational Tribute Qrove. Beccntly we received a reprint from the Congressional 
Rteord of some remarks made by Represent a the Clarence F, nliout a year ago^ con¬ 
cerning this tract of rod’aood forest which is l>eing preserved in lionor of the men and 
women who have served in the armed forces of the United States in World War II. It is 
established as a public park by the action of the California State Park Commission with 
the cooperation of the Save the-Redwoods League, the Garden Club of America, and other 
organizations. The object is to preserve this grove to symbolize *‘the eternal gratitude 
of the Nation eternally expressed,” “Citizens throughout the Ignited States are joining 
n ith the California park Authorities in assuring the acquisition and preservation of these 
mighty trees. The forest selected is that of the Mill Cre»‘k redwoods, near Cresent Cit>, 
(’ahf., and will lie a part of the California State park system. 

“When completed by private contributions and State funds, the National Tribute 
Grove i^ill contain more than 5,000 acres of some of the finest redwood forest. Borne 1,400 
acres, at a cost $260,000, are yet to he acquired under a purchase agreement with the 
tiinlier owners. Not only will the gro^e In^ a aymliol of gratitude to all who served in the 
armed forces, but there will also lie opportunity for contributors to record the names of 
specific inembers of thew* forc<*8 in The Golden Book, which is to l>e a permanent volume, 
enshrined both in Wasliington, I>. V., and in California. 

“A national committee of sponsors has lieeii formed, with Hon, Joseph C. Grew, of 
Washington, 1>. C., as chairman, and Dr. Robert G. Bproul, president of the Univemity of 
California, as treasurer, ’ ’ 

Mr. Lea goes on to say that the trees of the National Tribute Grpv© are coast red¬ 
woods, Sequaxa sempervirens, the forests of which are being pre8er\*ed by a system of 
State parks and the Muir Woods National Monument near San Francisco, which was a 
gift to the Nation by the late William Kent. Many of these trees are around 350 feet 
high and 12 to 17 feet in diameter, measured 5 feet from the ground, and some are known 
to be more than 2,000 years old. Sequoia gtgantea, a species of older and more massive 
trees of the Sierra, has betm preserved by the Federal Government in Sequoia, Kings 
Canyon, and Yosemite National Parka. 

**Th6 Katuralista* Blfeototy,’* edited !>;> Herman K, Casaiuo, contains the names, 
addresses, and special subjects of study, of professional and amateur naturalists through* 
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out the world* This handv directory has been published regularly for 60 years. The cur- 
ivht edition is expected in Beptember. 

Book Review 

Turtox Microscopy Booklet. By A. C. Loiiert, 1~43. /, 1-51, Chicago: Gen¬ 
eral Biological Supply House. 2946. 

Realizing that many people nowadays take the microscope for granted and do not 
really understand its operation, this booklet \ras compiled to help ^‘teaeh the prac* 
tieal application of microscope theoi*y, improve the young microscopist’s teciuiique 
and at the same time increawse his range of operations.” In seven short chapters, pro¬ 
fusely illustrated, the author describes simple experiments, requiring little appai*atns, 
which will give one a better appreciation of the possibilities of his niicrc»scope. First 
he illustrates results which may be obtained with a drop of glycerine as a U*ns. Then 
he shows graphically the difference between magnification and resolution, the mean¬ 
ing and importance of nuniericnl aperture as applnul t(» a compound microscope, and 
the necessity for proper control of the beam of light. Special attention is given to the 
con'cction of spherical aberration and to the proper illumination with each type of 
objective. A chapter on the use of light filters and polariml light brings out soiia* 
interesting contrasts and shows how the use of these aids may improve the image or 
reveal new details. Brief discussions of stereoseopie vision with a inonf)bjeetive 
binocular microscope, three-dimensional photomim>graphy, and micn)-projectioii 
suggest interesting lines to follow’ for more elaborate uses of the microscope. A num¬ 
ber of references are cited for more extended study of the topics discusscil. In pro¬ 
viding a brief, easily understood introduction to the principles underlying the inicro- 
seope and its proper use, the author has very admirably accomplished the purpose* 
he set for himself.— Harold H. 
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OasteUanos, A. Las exploraciones bot&nicas en la epoca de la Independencia, 
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Buenos Aires. 1944. 

Blcka4EM>n, F. G. A phylogenetic study of the ferns of Burma. Ohio Jour. Sci. 
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folded together upward aud with their margina rolled iuward, aud of a 
terminal growing point (fig. 1). fn niid<March, when the most recently 
expanded leaflets were just maturing, the rudiments of two or three pairs 
of leaflets might he distinguished in the bud with a hand lens or even the 
naked eye. The largest rudiment was from 2.5 to 5 mm. long. This bud is 
naked, in the sense thlit it is not enveloped in protective Seales; but the 
young organs are covered by a copious growth of short hairs. Similarly, the 
stem-buds, both terminal and lateral, are nnproteeted, except for the hairs 
which enveloi)e the tender rudiments. 

In February, when the terraijial buds of the branches elongate to pro- 
du(« new leafy shoots, the buds which terminate the rachises also become 
active, and give rise to new lengths of ra«‘hi8, bearing additional pairs of 
leaflets, usually two, but fre((Uently three, and sometimes only (me, to each 



Fig. 1 . Ajicx of mchia of loaf of Guano r/io/w/orarpo, showing tho resting bud. Ps: 
bases of potiolules of terminal pair of expanded leaflets, which have l>een cut awa^j 

rudiments of thr(*e leaflets, n 5, 

leaf. UiJtil they are practically full grown, these new leaflets are deflexed 
below the rachis, with their lower sides facing each other. Even for some 
time after they have attained their full size, they may be distinguished from 
the older pairs <tf leaflets of the same leaf by their much lighter, fresher 
green. 

The growth gl tlie rachis is renewed in this fashion from year to year. 
Whether it oeculs only ainuially, or sometimes also at shorter intervals, 
my observations were not continued sufficiently long to determine. The 
rachis accordingly becomes very long, but always I'cmains slender and 
w’ithe-like, so that it droops under its own weight and that of the leaflets it 
supports. The longest rachis w’hieh I actually had ij» hand measured 50 
inches (127 cm.), inehuling th(‘ petiole, but was only i inch (6 mm.) in 
diameter near the base. This rachis had produced, as indicated by living 
leaflets and the scars left by the fallen ones, a total of 22 pairs of leaflets, 
including two pairs newly expanded during the present season. Allowing 
for the production of two or three pairs of leiflets each year, its age would 
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have been from 7 to 11 years. Possibly it was even older, for sometimes only 
a single pair of leaflets is prodneed at the time of bud-elongation. 

The leaflets persist and remain green through several seasons (or at least 
through several periods of bud-elongation), for in March 5 or 6 pairs of 
living, mature leaflets were frequently found on a single leaf, while only two 
or three new pairs are produced at a time. This at least is true of trees in 
the forest; on trees growing in the clearings, there are iisually not so many 
pairs of living leaflets per leaf, suggesting that they do not survive so long. 
When the leaflets at length fall away, they leave the basal portion of the 
rachis quite naked; for, unlike a true branch, it bears no buds in the axils 
of the leaflets, and hence gives rise to no lateral shoots. In other respects, the 
rachis quite resembles a slender, whip-like branch, both in eEtenial appear¬ 
ance and internal structure; it becomes covered with a corky bark, and pro¬ 
duces much secondary wood within. The older, bark-covered portion of the 
rachis contrasts sharply with the more slender, green terminal part which 
has newly elongated. 

In cross section, the rachis and petiole of (Juarea rhopalocarpa present 
many small collateral vascular bundles arranged in an irregular circle or 
somewhat four-sided figure around the central pith. An active cambium, 
already forming a nearly complete ring, was found behind the terminal 
pair of leaflets of a leaf that had a resting bud at its apex. A Section through 
the rachis of a leaf with several increments of growth, made at a point below 
the oldest living leaflet, revealed a thick layer of secondary w'ood, composed 
chiefly of thick-walled fibers, with scattered vessels, uniseriate vascular 
rays, and an active cambium. Two annual rings conid be distinguished. 
Because a microscope was not available while 1 dwelt in the region where the 
Ouarea grows and no extensive series of material was preserved, it was not 
possible to-correlate the number of annual rings in the wood of the petioh* 
Avith the number of leaflets that the leaf had produced. This would have 
made an instructree study. 

In an attempt to decide A\'hieb features, if any, in the internal strncture 
of the axis of the leaf of Omrea rhopalocarpa are correlated with its pecu¬ 
liar habit of groAA’th, I examined the leaves of a number of other trees. In 
many compound leaves, the petiole and lower j)art of the rachis present in 
crosssKction a structure not unlike that of a young stem, with collateral or 
at times bicollateral Avascular bumlles arranged in a ring around the central 
pith. Often a complete ring of cambium (fascicular and interfascicular) 
develops early and produces a certain amount of secondary xylem and 
phloem, the former Airith typical if short vascular rays. Such stem-like 
structure, with a closed cylinder of cambium and secondary wood and 
phloem, was found in petiole or rachis of Cttpania fttlvida, IHpterodendron 
dagtHM, Jaearanda spp,, Simarouba amara, Stpatkodea campanidata, 
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Spondias luiea, Turpinia oecidentalis, etc. EsHeutially »iimlar structure— 
including a small amount of secondary thickening—^was found in the 
petioles of such large simple leaves as those of Cecropia $p., Croton spp,, 
Ricinus communis, etc. Thus in its primary structure the axis of the leaf of 
Ouarea rhopalocarpa is, because of the somewhat irregular arrangement 
of the vascular bundles, less stem-like than that of some of the other leaves 
meaitioned in this paragraph. In its secondary ^^tructure it differs in the 
greater thickness of wood produced by the cambium, (at least greater in 
p)*(>l)ortion to the whole diameter of the petiole), in the presence of annual 
rings, and in the formation of cork, which is by no means common on 
petioles. 

There are main’' woody plants whose lateral shoots behave much like 
compound leaves. These are chiefly trees and shrubs which produce a multi¬ 
tude of small leaves set close together on branches of determinate growth. 
At the time of leaf-shedding,«these plants, instead of dropping each tiny 
leaf individually, economize effort and east off their twiglets ^dth the folii^e 
stift attached to them. The bald eypres.s, the arbor vitae, the araucaria and 
other conifers belong to this class. The willow sheds first its leaves and then 
many of the slender twigs which bore them, just .as many trees with com¬ 
pound leaves droj) first their leaflets and then the naked rachis to which 
they had been attached. The tVntral American rubber tree (Castilla) also 
sheds the lateral, leaf-bearing brandies from the lower part of its straight 
trunk, which produces few’ permanent braucht‘s 

Rut although there are so many examples of braueiies which simulate 
compound leaves, I am familiar w ith no other example of a compound leaf 
wiiich simulates a branch so eoinpletdy as this. Even the great, twice- 
(‘ompouiid leaves of Jacaraudu Copaia, each of whieh represtmts, function¬ 
ally, an entire branch system—for until it is forty or fifty feet high, the 
slender, pole-like young tree commonly pro<Un*es no brandies unless injured 
—is of perfectly determinate growth. In due coiii'se each leaf, a yard or two 
in length, falls away in its entirety, leaving the trunk thickly covered with 
conspicuou.s scars. Om» must go to plants of very different kinds to find a 
parallel with the pereamial leaves of Ouana rhopalocarpa and related 
species. M^clwiischia mirabilis of tlie desevts of .soutliwresteru Africa pro¬ 
duces oul^’^ a single pair of leaves, that must serve this curious gyranosperm 
during the course of a long life, parsed amid the most severe (diniatic con¬ 
ditions. But these are simple, strap-like leaves, and elongate from the base 
rather than at the apex. A somewhat closer parallel to the leaves of our 
Ouarea is found among ferns of the genus Dicranopteris. The scrambling 
fronds of these tropical ferns branch iviieatedly in a dichotomous fashion, 
and produce resting buds in the angles of the principal forks. After a 
period of quiescence, the buds become active and increase the length of the 
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frond, very much as the bud at the apex of the raehis of Ouarea increases 
the length of the leaf. 

SUMMARY 

Gmrm rhopalacarpa, a medium-sized tree of the Costa Rican mountains, 
is distinguished by the unusual density of the foliage of its narrow croum, 

Bach of the pinnately-compound leaves consists, when first expanded, 
of from one to four pairs of opposite leaflets, and bears at the apex of the 
raehis a resting bud containing the rudiments of several additional pairs of 
leaflets. The following year, at the same time that the tree produces new 
leafy shoots, the bud at the tip of the raehis becomes active and gives rise 
to an additional length of raehis, bearing from one to three additional pairs 
of leaflets. Thus the leaf grows in length from year to year, behaving much 
like a branch, but without lateral buds. The individual leaflets appear to per¬ 
sist for two or possibly three years. The raehis may reach 127 cm. in length 
and produce a total of 22 pairs of leaflets, inejuding those living and fallen, 
indicating an age of from seven to ehnen years for the whole braneh-like 
leaf. 

The petiole and raehis of the leaf of Ouarea rhopalacarpa present in 
cross-section a stem-like structure and are earl^ )>rovi<l(‘tl with a closed ring 
of cambium. In this they agree with tlie axis of many other large compound 
leaves, also with the petioles of big simple leaves. They differ from the 
corresponding parts of the other leaves f^xarnined in th<‘ relatively greater 
thickness of the secondary tissue.s resulting from their greater age, the 
formation of annual rings in the Avood. and in the prodni‘tion of a corky bark. 

San Isidro del Genkrai^, 

Costa Rica 
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THE ORIGIN OF THE MICROSPORANGIUM OF 
PSEUDOTSUGA^ 

George S. Allen 

In view of the imjiortant principles involved, it is surprising that Bower’s 
(1896) observations aiul deductions relative to the sporangium have been so 
completely neglected by more recent investigators. Bower’s discovery that 
there exists in the ferns a parallel . between the bulk and mode of seg¬ 
mentation of the a]>ic<‘s of root, stem, and leaf, and the bulk and segmenta¬ 
tion of the sporangia of the same plants” is very significant. Bow’er came to 
the conclusion that “the mode of segmentation of sporangia in vascular 
plants at large corre.spf>nds to that of their a}>ical meristems, and the gen¬ 
eralization may be extended as follows: where the apical meristems are dis- 
slincthj stratifi4(l, fh/ sfmciun of the youn(j sporangium is stratifitd also; 
in those plants in which iha e is a non-sfratified struciun, with one or more 
iniiial cells, and frtqui ut pft iclinal division of supfrfwial cells near the apex 
of the stem, Uaf, or root, thin the struct art of the young sporangium is not 
distinctly stratifUd,'* Bouer summarized his viewpoint in these words: “The 
study of sporangia or syuangia of a plant should be carried o\it in the light 
of a knowledge of the segmentation of its apical meristems,” and made the 
significant suggestion that “a renewed en<|uiry into the detailed develop¬ 
ment of tlie ))oJlen-sa<- of Gyinnosperms may be expected to yield facts of 
interest in view of the rerent demoubtrations of the noii-stratified structure 
of the meristems at the apex of their axes (Douliot 1890; Koeh 1891).” 

In view of these i)ertiuent suggestions, it is worth while to enquire into 
the ontogeny of the jjuicrosporanginm of Psiudotsuga as a representative of 
the gyinnosperms, and to relate it to the structure and behavior of the shoot 
apex of the same plant. Before this can be done, however, it is necessary to 
clear up as far as possible the confusion which exists in the literature as to 
the precise meaning of the term “archesporium.” 

In 1880, Goebel introduced the tenn “archesporiiim” to designate the 
parent cells of the sporogenous tissue in the vascular plants (see Bower 1908, 
p. 106). Bo\vcr (1908, 1985, etc.), in his many references to the sporangium, 
has used “archesporium” consistently with its original meaning. Smith 
(1900) suggested*that the term be retaineil in its original sense for the seed 
plants, but that it should signify the superficial cell or cells in the pteri- 
<lophytes from which the spore-formifig tissue is derived. This was a somc- 

t Dr. Adriance 8. Foster suggested this proWm and the study was made under his 
direction at tlte University of California, Berkeley. 
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what confusiug attempt to distinguish between the superficial and “ hypo- 
dermal” origins of the sporangia in the ptendophytes and seed plants 
i*e8peotively. With this change in its meaning, “arehesporium” became 
practically symonymous with “sporangial initial (s)” and has since been 
used in this sense by several investigators (Coulter & Land 1905; Nichols 
1910; Coulter & Chamberlain 1912; Diipler 1919; Chamberlain 19:i5; Camp¬ 
bell 1940). Crozier (1892) and Jackson (1916), in their glossaries of botani¬ 
cal terms, give the original meaning of the term as introduced by Goebel. 
Unfortunately, recent authors (Chamberlain 1935, Campbell 1940), in 
dealing w’ith the microsporaugium of conifers, did not emphasize the funda¬ 
mental difference which apparently exists between the origin of sporangia 
in all seed plants and that in the lower eusporangiate plants. For example. 
Chamberlain likened the ontogeny of the conifer microsporaugium to that 
of Selaginella or Lycopodium; yet he stated that in conifers there is a hypo- 
dcrmaJ cell, or layer of cells, which may be called the arehesporium (spo¬ 
rangium initials), whereas in fact the lower vascular plants haVe superficial 
initials which give rise to the sporangium. 

Bbwer (1908) has pointed out that because the arehesporium was rt»eog- 
nized successfully in certain cases, there has been a tendency to expect .simi¬ 
lar success in all cases. To the present writer, the term “arehesporium” 
implies early and precise predestinatitin of certain cells to become sporo- 
genous. In cases where the primary sporugenous ceU(s) cannot be recog¬ 
nized, or where there is no single layer from which all the .sporogenous tissue 
is derived, the use of arehesporium seems ill-advised and misleading (Smith 
1900, p. 324). Bower (1908) restricted his use of the term to those eases 
“ . . . where the cell or cells which give rise to the sporogenous grou|) is 
obvious ...” 

This lengthy discussion has been necessary' because of the confusing com¬ 
parisons which have been made between the sporangia of pteridophyte.s. 
gymnosperms, and the angiosperms on the basis of their ultimate origin. In 
order to avoid misunderstanding, the term “ ai'chesporium ” will not be used 
with reference to Psevdettsuga; where reference to the literature is nece8.sar,v, 
“sporangium initial(s)” will be added in parentheses in eases where 
“arehesporium” refers to a cell or group of cells which give rise to both the 
wall layers and the sporogenous tissue. 

ONTOOENT OP THE MICBOSTOROPItYLL 

Microsporophylls arise acropetally on the flanks of the strobilus apex 
(figs. 1, 2) and, in the earliest stages, are very similar to foliage-leaf pri- 
mordia (figs. 3, 4, 7, 8). They are first evident as a group of surface cells 
whieh have elongated radially and then divided periclinally. Continued peri- 
clinal and anticlinal divisions of the surface cells and their derivatives pro- 
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duee a symraetrical hemispheric protuberance which for a short time de¬ 
velops by a form of apical jarrowth (%. 4). The latter ceases rather abrupt)y 
when the primordium reaches a len^h of about 75 p, at which time it is a 
symmetrical dome with its main axis at right angles to the surface of the 
strobilus. At a similar stage of development, a foliage-leaf primordium has 
already exhibited an upturning dne to asymmetrical growth; its gbaxial 




Fih. ]. DiHgioin of a miorosporangiate strobUua lu uiediau lougiseetion showing 
zonal pattoru of tin* apex and the arrangement of the sporophyll primordia, Auguat IS, 
3942. \ .‘lo. Fig. 2, Longiseetion through a inieroaporangiate apex. Note the rapid dif¬ 
ferentiation witliiii the central tissue zone, August 12, 1942. x 146. Fio, 3, Longiseetion 
through a young microsporophyll showing evidence of numerous perielinal divisions in the 
{surface cells. * 250. Fio. 4. Longiseetion through a slightly larger imcn>sporophyU. x 250. 
Fig. 5. Longiseetion of an older microsporophyll showing anticlinal rows of cells in the 
iibaxial region which have resulted from continued pericHiml division of surface cells 
and their derivatives. Note the surface anticline near the apex, x 250. Fio. 6. Transset^tiou 
of a microsporophyll at a point 25 microns from the surfwe of the strobilus and 75 
microns from the tip of the sporophylL Note the anticlinal rows of cells in the abaxial 
region. < 250. 


Hurface cells elongate more rapidly than those of the adaxial surface. Apical 
growth virtually ceases at this early stage in both kinds of primordia and 
eontimied growth in length of the appendages is intercalary. 

Beyond this early stage, cells of the adaxial surface of the microsporo¬ 
phyll begin to vacuolate and cell division is iiifi*equent (figs. 8, 9); when it 
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does occur the new wall is always anticlinal. Abaxial surface cells continue 
to divide actively, both periclinally and antielinally, resulting in a growth 
in volume of the j’oung sporophyll (figs. 4, 8). The center of meristematie 
activity gradually shifts from the apex of the sporophyll tow'ai’ds the abaxial 
surface, the central region of which becomes the generative area of the young 
sporangia. It is significant that the activity of the abaxial surface cells and 
their derivatives does not result in a decided upturning of the sporophyll as 
might be expected; this is due in part to the predominance of pericliual 
divisions in this region, and in part to the elongation of the cells of the 
adaxial surface. In contrast, the young foliage-leaf primorditini exhibits an 
early upturning as described. The leaf and the sporophyll priinordia arc, 
therefore, distinguishable from one another at an early stage of develoj*inent. 



Fig. 7. Longiseotion tlirough a ftiierofiporophyll. Note the nunierous surface 

pericliiies. August 12^ 11M2. ^ 191 . Fig. 8 . IiOiigiBeetion through a larger sporophx U 
showing anticlinal rows of cells in the abaxial region and an anticlinal division near the 
ai^ex. Note the differentiated appearance of the adaxial surface region and the men 
sterna tic condition of the abaxial region, y 342. Fio. 9. IiOngise<^tioii through a still 
older microsporophyll in T^hich the abaxial surface region is still highl\ ineristeinatic 
Note the surface pericline. ^ 191. 

The latter are more massive and shorter and stand nearly perpendictilar to 
the strobilus surface with only a slight upturning of the tip; foliage-leaf 
primordia show a narrow angle of insertion and the apical portion is more 
or less appresswl to the surface of the .shoot apex. 

ONTOGENY OF THE MK’ROSPORANOmM 

An attempt has been made in this study to trace the mierospoi'angium 
to its ultimate origin as has been done successfully for many of the lower 
vascular plants (Bower 1908), and for certain of the eycads (Smith 1907, 
Starr 1910; see Chamberlain 1985). It has not been possible, with the mate- 
jfial at hand and the microtechnique employed, to find any good evidence for 
the existence of a “hypodermal arehesporium” (sporangium initials) as 
described by Chamberlain (1935) for conifers and cyeads. Sporogenous cells 
.cannot be recognized with certainty until a relatively late stage of develop- 
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meat; the first of these appear deep mthin the tissue of the young spo- 
1‘aiigintn. often from four to six cells in from the abaxial surface. The con¬ 
tinued growth in volume of the sporangia mainly as a result of numerous 
surface periclinal divisions is significant; there is no '^dermatogen” or 
piutoderm covering the young mierosporophyll or its sporangia. Therefore, 
the concept of a “hypodermal” origin for the sporangium of this conifer 
cannot be entertained. 

It has not been possible to trace the origin of the sporangium to the divi¬ 
sion of any given cell or group of cells for the reason that, from the time of 
its inception, the mierosporophyll exhibits numerous surface periclines which 
continue until sporogenous cells are differentiated deep within the two spo¬ 
rangia. It is realized that there may be a precise origin as there is in many 
lower traclieophyles. At the same time, the evidence suggests that a potenti¬ 
ally sporogenous mass of cells is built up by the activity of the abaxial meri- 
slem and that within this mass only certain ceils fulfil their potentialities. 
It is of interest that a similar lack of precision or predetermination appears 
to exist at other critical points in the life history of Psciidotsuga, particu¬ 
larly in the growing apices of root and shoot, and in the developing embryo 
(Allen 1945). 

The following conclusions appear to be justified on the basis of the obser¬ 
vations described. 

1. There is no protoderm covering the young sporophyll completely or 
covering its two young sporangia. A considerable part of the growth in vol¬ 
ume of the sporophyll and sporangia is dne to continued periclinal dhisions 
of surface cells. The sporangia are not invested by a true sporophyll epi- 
dermm as is the ca.se in the angi(»sperms (see Coulter & Chamberlain 1912; 
Hu\ ward 1938). and apparently in other gymnosperms (Chamberlain 1935). 
The surface cells of the sporangium wall ultimately form the epidermis of 
the sporangium; this is not the case in the angiospenus or, according to some 
antliorities (Chamberlain 1935, Smith 1900, Campbell 1940). in the seed 
plants as a wliole. The “exothecium” (see Goebel 1935, p. 1792) of Psetido- 
tmuja is therefore the outer layer of the simraugium wall; the “endo- 
theciura” of angiosperms likewise is the outer wall layer but is covered by 
the epidermis of the anther in the early stages. On this basis, the micro- 
sporanginm of Ps( udotsuga is closely homologous with the sporangia of the 
lower eusporangiate tracheophytes. Furthermoi*e. there is a close similarity 
between the uon-stratified structiire of the vegetative shoot apex (Allen 
1945) and the nou-stratified stmeture of the microsporaugium, a fact tjius 
supporting the general thesis of Bower (1896). In contrast, in the angio- 
speruis the sporangium is from the beginning invested by a protodenn as is 
usually the case with the shoot apex (see Bower 1896, p. 8, footnote). 
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2. It seems probable that the sporogenous tissue has a much less precise 
origin than is true of many other vascular plants. 

3. The mimrosporangium of Pseudotsnga appears to retain, even to exag¬ 
gerate, the somewhat indefinite and crude ontogeny characteristic of certain 
of the lower tracheophytes (see Bower 1908). Its origin is verj* dissimilar 
to the precise condition typical of angiosperms, or to the extremely special¬ 
ized and refined development characteristic of leptosporangiate ferns (Bower 
1889). 

DIKCTTSSION 

Goebel (1881) concluded, on the basis of a broad comparative study of 
the sporangia of vascular plants, tliat the microsporangia of conifers are 
comparable throughout their development with the sporangia of lower 
eusporangiate plants. In Pinus the “arehespore” consists of one hypoder- 
mal cell; the “epidermal” cell which lies adjacent to it divides peHcliHalttf 
to form the first “tapetal” cell. This implies that the sporangium iuitial 
must have been a surface cell which divided to form the arehespore and the 
epidermal cell, the latter then dividing periclinally to produce a primary 
tapetal cell. This does not agree with the hypodermal origin of the spo¬ 
rangium as described by Chamberlain (1935), Coker (1903), Nichols (1910), 
Coulter and Land (1905), and othens. 

Goebel described the change in form of the microsporophyll of Pinus 
during its early development and showed that, whereas the archesporium 
originall}' lies near the adaxial side, the sporogenous tissue soon occuj)ies a 
position near tlie abaxial surface owing t«) the asymmetrical growth of the 
sporophyll. A similar change takes place in the sporophyll of Pseudotsuga 
as described above, but it was not possible to recognize an archesporium ami 
follow its change in relative position; the shift of the center of meristematic 
activity has been described. 

Coker (1903) reported a hypo<lermal origui for the microsporanginm of 
Taxodium. Nichols (1910) stated that the archesporium (sporangium ini¬ 
tials) in Juniperus is first recognizable as a plate of radially elongated cells, 
from four to six in nunfber in a single longitudinal section; these divide by 
perielinal walls and the archesporium continues to grow without any differ¬ 
entiation becoming apparent. Finally, the outer layer divides periclinally to 
form the tapetum internally and the inner layer of the sporangium wall; the 
latter is covered by an epidermis which finally becomes the monolayered wall 
of the mature sporangium, Nichols contrasted this condition with that seen 
in the angiosperms where the epidermis is unimportant in the formation of 
the wall of the mature pollen sac, and implied that the “epidermis” is in 
bodh cases homologons. 

t Coulter and Land (1905) described "^the microsporangium of Torreya 
itmfolia as originating from a single hypodermal initial, but their (.“oiiclu- 
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sioiw were based upon the behavior of the sporailgia which abort to form 
resin ducts^ and not upon normal sporangia. A radial row of four cells is 
shown in their figure 9 in which the innermost cell is interpreted by the 
authors as a primary sporogenous cell, the next two as young wall cells, and 
the surface cell is presumably *‘epidermal*’ in nature. Without more exact 
data than these it is equally logical to i)ropose a surface initial for the spo¬ 
rangium, The authors* interpretation as a microsporangium of the structure 
figured is open to question in any ease. 

Dupler (1919) stated that each microsporangium of Taxus originates as 
a single archesporium (sporangium initial) normally in the hypodermal 
layer. From a very early stage there is an epidermis over the sporophyll and 
the sporangium, wail is invested with a sporophyll epidermis as in the angio- 
sperms. Although Dupler described the epidermis as a distinct layer through¬ 
out, dividing only anticliiially, he found “occasional perielines** in the sur¬ 
face layer which gave rise to an epidermis two cells thick at some points. 
This is'suggestive of the behavior observed in Psendofsuga, in which surface 
periclines are common throughout early ontogeny of the sporangium. 

The current viewpoint is apparently summed up by Chamberlain (1935) 
in the following words: “The development of the microsporangium (of 
<*oiiiferB) and its luierospores is the usual development of a eusporangiate 
sporangium, and in the earlier stages, does not differ much from that of 
Mngindla, or even from that of a ens})()rangiate bomosporous form like 
Lycopodium. There is a hypotlermal cell, or layer of cells, which may be 
called the archesi>orium (sporangium initials). A periclinal division in the 
andjesporium gives rise to two cells, the outer forming the parietal or wall 
]a 3 ’^ers, and the inner giving rise to the sporogenous tissue.** Campbell (1940) 
has this to saj’^ about the conifer mitTosporangium: “The development of the 
pollen sac may be compared with the sporangium of the eusporangiate fern 
type. In the very earl.v stages there is a h.vpodcrmal cell la.ver, the arche¬ 
sporium (sporangium initials), which divides into an outer laj'er, contribut¬ 
ing to the anther wall, and an inner one which gives rise to the sporogenous 
tissue. The wall of the pollen sac consists of several cell layers, the innermost 
contributing to the tapetnm, while the outennost ]uyer may j^ersiat as the 
emlotheciuin and with the epidermis forms the wall of the ripe pollen sac.*’ 
'^here is a serio\is la<*k of agreement between these generalized accounts and 
the facts observed in Pficudotsuga. It di>es not seem likely that this one 
conifer differs radically from other conifers studied, and an inx^estigatlon 
of forms such as Abiat, Tmga, and Larix among the Abietaceae, as well as a 
re-examination of Pinus, Ginkgo, and the cyeads, is much to be desired. 

Investigations dealing with the cyeads and with Ginkgo (Smith 1907, 
Lang 1897, Starr 1910, Chamberlain 1935) indicated that the mierospo- 
rangium of these gj^muosperms has a hypodermal origin. Some of the illus¬ 
trations purporting to support this view are, however, suggestive of the 
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behavior found in and described above for Pseudoirnga (see Smith ld07^ 
figs. 11, 28; Starr 1910, fig, 5); surface perieliues are indicated and a hypo- 
dermal origin seems questionable without other more convincing evidence. 
It is noteworthy that Wijson Smith (1900), in his discussion of the homology 
of the archesporium, stated that there may be pcricUual divisions in the 
superficial cells of the sporangium of gymnosperms, but that these occur 
only after the diflferentiation of the archesporium. On the contrary, all evi¬ 
dence from this study points to a coiitiiiiiity of surface periclines from the 
visible beginning of the microsporophyll until the differentiation of sporo- 
genouH tissue. 

From a speculative vie^vpoiut, there are two reasons why a hypodermal 
origin for the microsporangium of gymnosperms might be considered re¬ 
markable. In the first place, the eyeads, with their many similarities to the 
lower vascular plants, might be expected a priori to have, in the “conserva¬ 
tive’^ microsporangium, an ontogeny similar to that of the lower eusporangi- 
ate traeheophytes. Jeffrey (1917), ft)r example, considered the mature spo¬ 
rangia of eycads closely similar to those of the pteridophytes. It does seem 
surprising, in view of the many dissimilarities between the cycads and the 
angiosperms, that the cyead microsporangium should have a precise internal 
origin much like that in the angiosperms. If such a similarity does exist then 
Bower’s (1896) generalisation for the vascular plants does not hold for the 
gymnosperms. Secondly, the general lack of a discrete surface layer or layers 
at the shoot apex of most gymtiasperms (see Foster 1941) contrasts remark¬ 
ably with th^ discrete protoderm which supi>osed)y covei^s the young sporo- 
phyll and its sporangia during early ontogeny (see Smith 1900). It is again 
emphasized that the shoot apex of many gymnosperms is unstratified whereas 
the young sporangium is apparently stratified; obviously, if this is true, 
Bower’s generalization is in serious error. 

Pertinent to this discussion is the statement made by Bower (1908) that 
in the sporangium of the Ophioglossales, “ . . . with the larger size goes 
less definite segmentation while greater definiteness is seen with the smaller 
types.” On page 112 Bbwer stated that the sporogenous group “ ... in 
many of the Eiisporangiate forms does not arise fi*om any single archesi>orial 
cell, or definite group of cells; moreover, cells which are obviously sister-cells 
may not mifrecpiently be found to develop tlie one sterile, the other fertile. 
Thia suggsts on the basis of structure that the fertile tract is a residuum left 
by advancing sterilization, while the ragged and ill-defined limits point to 
the conclusion that the sterile and fertile tra(*ts are closely related; in fact, 
that they had a common origin, and that the final coiulition represents the 
balance struck bertweeu sterile and fertile development.” Further, Bower 
(1008, p. 319) found in laoeieii ”... the first perielinal divisions ... do 
not absolutely define the future sporogenous tissue; it has been rei)eatedly 
seen that additions to it may be made by subsequent pcriehnal dirmons of 
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the superficial cells, . . Bower found-a similar behavior in SehxgineUa 
(p. 316-317), in Equisetum (p. 377-378), and in Lycopodium (p. 314) in 
a number of cases studied- In view of the observations described above for 
Pseudotsuga, the implications of Bower’s findings and deductions are obvi¬ 
ous; definite conclusions, liowever, must await furtlier study of other gymno- 
sperms. 

With the exception of Oinkgo (Jejffrey 1917, p. 218), gymnosperms are 
said to have an ^‘exotheeium” like that of the pteridophytes, whereas the 
angiosperms have an **endothecium,” that is, the hypodermal layer of the 
mierosporaugium is concerned with dehiscence (Goebel 1933, p. 1792). Jef¬ 
frey (1917) described the sporangium of j)teridophytes and cycads as 
“ecktokinetic” (ef|uiva]ent to having an exotheciiun), and that of the higher 
seed plants, including Oinkgo, as “eudokinetic” (ecjuivalent to having an 
endothecium). The dehiscence layer of aiigiosperms and of pteridophytes is 
admittedly the actual outer layer of the sporangium wall, as it is in Pseudo- 
tsuga; the dehiscence layer is therefore superficial in Pseudoisuga and in the 
pteridophytes, but originates beneath a discrete surface layer in the angio- 
sperms. According to the literature (Chaiubcrlaiii 1935; etc.), the gymno- 
sperms as a whole could not fit into this ])icture since the “epidermis’^ and 
not the outer layer of the sporangium wall forms the dehiscence layer or 
exothecium (see (’ampbell 1940, p, 492). The obvious disagreement between 
this viewpoint and the behavior described for Psendotsuga suggests that 
otlier gynmospenns may have microsporangia which are strictly superficial 
in nature as they are in Pseudotsuga rather than internal as they are in the 
aiigiosperms. 

In conclusion, it seems significant that the abaxial meristeiu which pro¬ 
duces the microsporangia of Psendotsuga has features in common with the 
apical meristera of the vegetative shoot {Allen 1945). In particular, neither 
has a **stratified” structure, which agrees with Bower’s generalization for 
the vascular plants at large. In his noted work on the primitive land plants. 
Bower (1935) coneluded ”... that on the one hand apical segmentation, 
and on the other morphological definition whether external or internal are 
distinct jirocesses. each of which is determinetl by the apical region as a 
whole and not by its segments.” This concept may indeed be applicable to 
meristenis other than that of the shoot apex and may serve as a trustworthy 
guide in a study of tlie meristeiu which gives ri^e to tiie .sporangium. 

SUMMARY 

The microsporangium of Psendotsuga is a superficial structure and the 
generally accepted concept of a hypodermal origin for the sporangium in 
gymnosperms is open to question. The sjHirangium cannot be traced to a 
single cell or group of cells. It has au ontogeny similar to that of the lower 
tracheophytea, and, unlike the angiosperm microsfiorangium, is at no time 
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invested, by a protodem or epidermis genetically continuons with that of the 
shoot. Bower's concept that a relationship exists between stratification of the 
shoot apex and stratification of the yonng sporanginm is borne out by this 
study. 

Department op Forestry, University op Britihii (’ou^mbia 
VANC ouvEa, British Columbia 
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A SPECIES OF HARPOSPORIUM INVADING ITS NEMATODE 
HOST FROM THE STOMA 

Charles Drechsler' 

In 1874 Lohde (li) briefly described a liyphomx’cete that he found ^row- 
in^r parasitically on numerous eelworms beionjrin^ to a species of AnguilMa, 
To this hyphomycete he appJie<l the binomial Harposporium AnguUlulac; 
tJie freneric term then presented for the first time having reference to the 
cre>icentically mirved, sickle-shaped conidia which the funj»:us produced ter¬ 
minally on d(‘licate stcri^mata arisin" sinjrly from peculiar round protaber« 
ances formed laterally on the hyphal branches or hyphal prolonj^ations that 
were extended from the nmlticelhilar mycelial filaments, from 2 to 4 in num¬ 
ber, passiiifT throuffb the animars b<idy. As the report of Lohde’s findiiijrs 
{i:iveK only few intimate jjarticulars and lacks all mention of measurements, 
it would seem to serve far better in establishiu*^ the ^enus than in defininjr 
a sp<‘cies. Descriptive details were very ade(|uately provided by Zopf (4) 14 
years later in a well illustrated account of a nematode ])arasile he held iden¬ 
tical with Lohde’s. The globose sj>oriferous cells, which in conformity with 
usa^c ])revailinf 2 : at the time (1, p. 65; 5, p. 314) he desijrnated as basidia, 
were stated hy Zoi)f to vary in iliameter from 2.5 to 3.6 p; the steri^mata 
were representetl as mostly beinjr shorter than the diameter of the prlobose 
parts; the <*res(‘entic <*oni(lia wore set forth as bein*? 1-2 p thick and as 
measurinfr 7-13 p alonji the chord connecting the two ciuls. From correspon¬ 
dence with these structures and with the chlamydospores which Zopf found 
devclopiii}? in the assimilative hy})hae within the animal, it is clear that 
this later author dealt v^ith the same funjnis that in iny eultiires has been 
more abuiulautly d(*structive to nematodes than any other hyphomycete 
attackinji: tliese animals parasitically rather than in a })redaceous manner. 
Occasionally 1 have encountered Ihtrpoiipovinm material which, thoujrh bear¬ 
ing: crescentic conidia, and iii ii:eueral conformin'^ to Lolule’s account, a]v 
j>ears alien to the ubi<|uitous species so accurately made known by Zopf. 
Thus, in a maizemeal-ajrar plate culture that had been planted with decidu¬ 
ous leaf mold eollecded on Polish ilouiitain about 10 miles east of Cumber¬ 
land, Maryland, early in duly, 1035, numerous nematode larvae were found 
under^oiufi: destruction by a miiiute Harposporium whose globose sporifer- 
ous cells measured oJily 2.3-2.6 p in diameter, while its sickle-shaped conidia, 

3 PttlhologiHt, DivUicai of Fniit and Vegetable Oropa and DiHcnHca, Bureau of Plant 
Indtwtry, Hoil«, and Agiieultiiral Eiiginet*ring, Agricultural Re^tmrch Administration, 
U. 8. I)ei>artment of Agriniliure; Plant Industiy Station, Beltavillo, Mar^dand, 
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Fios. 1-5. ffarpoaponum bpnmatoffponm, drawn to a uniform magnification with tho 
lud of a camera lucida; x XOOO. Pio. 1, Conidium of fungna shown lodged in stoma of 
living animal host {Mahdttts sp.); the spore has pushed a narrow germ tube through the 
ntomatal lining and given rise within the fieshy body wall to a young assimilative hyphn. 

2| 8. Longer assimilative fayphae, both still in unseptate uubranehcd condition; each 
shown arising laterally from a conidium lodged in anterior portion of the stoma of the 
living animal host. Flo. 4. A still longer assimilative hypha shown arising laterally from 
a conidittm lodged in the stoma of the Ihdng nematode hostj this hypha has laid down 3 
crosswalls, and is putting forth a brancli. Fig. 5. Dead body of animal host with a long 
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borne on single sterigmata about 1.3 jj long and 0.6 p wide, measured only 
about 0.8 p in width and 3-4.5 p along the chord between the pointed ends. 
To determine whether this form and certain other forms with crescentic 
eonidia belong to JST. Angtiillulae Lohde emend, Zopf, or whether they repre- 
hent species distinct from it, will require further accessions of relevant mate¬ 
rial. Much less difficulty is offered by various forms which give rise to eonidia 
not typically crescentic, yet which in their parasitism on eelworms, in their 
sporulating habit, and more especially in the globose shape of their sporifer- 
ous lateral cells (phialides) reveal unmistakably a congeneric relationship 
to H, Anguillulae, In an earlier paper (2, p. 793-800) 1 have described three 
such forms as separate species under the bhiominals H. hdicoides, H. oxy- 
coracwm^ and H, diceraeum. To these may now be added a fourth species 
which likewise produces eonidia of a very distinctive shape other than 
crescentic. 

The species in question came to light in a maizemeal-agar plate culture 
which after being [)ermeated with mycelium of Pyihium arrh^nomanes 
Drechsl. had been further planted with several pinches of partly decayed, 
friable barley {Hordenm vulgare L.) straw collected near Greeley, Colorado, 
early in October, 1945. As the fungus was not observed until 47 days after 
the addition of the decaying straw its earlier development must have taken 
plac(* more slowly than that of most hyphomycetes subsisting parasitieally 
on eelworms. Its attack was confined evidently to sliarp-tailed eelworms 
which were held referable by Dr. G. Steiner to a single species of Rhabdifi<s, 
However, as the manner of infection displayed by the fungus appears about 
equally uell adapted for other species of Rhahdifis, the likelihood of a wider 
host range is not to be dismissed. 

Infection is found accomplished always by the germination of a single 
conidium lodged in the anterior ]>ortion of the anhnars tubular stoma; the 
spore having very ])robably reached this place of loilgement through the 
sucking action whereby the members of the genus Rhabditk ingest their 
food. The individual nematodes that have bec*ome gagged by intake of a 
spore seem usually to abandon their leisurely manner of locomotion and in¬ 
stead will Imrry on at their greatest speed; their energetic deportment then 
recalling the violent locomotion more usnally observed in nematodes of the 
genus Wihonenia, Close observation of gagged animals is, of course, im¬ 
possible w’hile their hurried movement continues. Microscopical ezamination 
was carried out conveniently on prei)arations made by transferring a sizable 

assimilative filament extending lengthwise through it; the filament bears 11 branches, of 
which 7 have given rise exterimlly to the conidiophoroxis prolongations u*g; s, phialide 
bearing a simple sterigma with an unusually large conidium; t, phialide bearing a 
sterigma with one branch; u, v, phialides bearing single sterigmata with two branches; 
w-y, phialides, each bearing two separate* sterigmata; z, phialide 2 sterigmata, one 
of them simple, the other bearing a single branch. 
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slab of agar from the Petri plate culture to a glass slide and covering it with 
a cover-glass; the movement of eelwonns in such preparations being grad¬ 
ually halted, apparently from suffoeatiou, everywhere except near the 
periphery of the mount. Among nemato<les thus brought to quiescence, 
gagged specimens an* readily detected by noticeable distension of the an¬ 
terior portion of the stoma, and by tlie presence of a partition separating 
the expanded stomatal region from the unmodified posterior region (figs. 
1-4). The curious partition represents obviously the spore membrane at the 
more deeply inserted end of the conidium. As a rule the membrane at the 
opposite end of the conidium invites Jess attention, since it usually lies ap¬ 
proximately in alignment with the frontal profile of the animal’s head and 
therefore often merges more or less with the outline of the stomatal orifice. 
The lateral portion of the conidial membrane is generally found so snugly 
appressed to the lining of the sttmia that it no longer can be distinguished as 
a separate wall, though its presence is betrayed through pronounced thicken¬ 
ing in the contour bounding the distende<l imrtion of stoma. 

Once the conidium is seated securely in the stoma of the nematode it puts 
forth a single germ-tube from a position near its more deeply inserted end. 
This germ-tube, mostly about 1 p wide, penetrates the stomatal lining to 
enter the fleshy tissues of the head. Sometimes it widens out almost imme¬ 
diately to a diameter in excess of 2 p (fig. 1), but rather more often such 
widening is delayed until a length of about 5 p has been attained (figs. 2-4). 
The crooked course frequently taken by the young infective germ-tube, as 
also the visible accumulation of yellow material around it, gives the impres 
sion that at the beginning invasion meets with resistance from the affeeteil 
tissues. Occasionally after widening out the invading hypha may elongate 
narrowly for some little distance a secoinl time (fig. :l). Whatever impedi¬ 
ment may cause this initial inconstancy of width soon becomes inoperative, 
and thereupon the hypha elongates at a diameter of about 2.5 p to make its 
way lengthwise through the fleshy bod3'’ into the tapering tail until it stops 
growth perhaps within 25 or 30 p from the iwinted caudal tip (figs. 5. 6) 
In most of the smaller eelworm hosts, certainly in most eelwonns ineasnring 
less than 250 p in length, only a single main assimilative filament is pro¬ 
duced ; the total absorptive s.v8teni being, however, augmented substantially 
through the development frequently of more than a dozen lateral branches 
at intervals varying from 5 to 100 p. While the branches do not usually attain 
lengrths in excess of 25 p within the animal, most of them participate in 
further development by uarrowlj' perforating the host integument to extend 
a eimidiophorous'prolongation outside. With the continued expropriation of 
hdst materials required to sustain development of reproductive apparatus 
externally, the assimilative hyphal system emerges into view more and mor** 
clearly. It is then revealed as mostly varjdng in width between 2.6 and 3.5 p, 
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and tus beinj? divided by cross-walls into segments 5 to 25 y in length (figs. 
5-7). As the fleshy host contents approach exhaustion—the firm muscular 
oesophages and oesphageal bulb remain recognizable longest, but after a 
time melt away like the softer tissues—the mycelial segments become pro¬ 
nouncedly vacuolate (figs. 6, 7). When at last the host contents have vanished 
entire^v, the assimilative elements undergo complete evacuation in continu¬ 
ing to supply the reproductive apparatus. 

The conidiophorous hyphae (figs. 5, a-g; 6, a-f; 7. a-e) of the fungus 
closely resemble those of the ubiquitous JIarposponum AnguiUulae. They 
are mostly extended procumbently if the animal host happens to die on the 
surface of the agar culture. If, on the other hand, the animal dies well under 
the surface of the agar, they develop readily in submerged positions. They 
mostly vary in length from 15 to 40 p, and in width from 2 to 3 p; the shorter 
examples often containing only 2 axial segments (fig. 6, b), while the longer 
ones frequently contain 5 such segments (figs. 6, f; 7, a) and sometimes a 
greater number. Ail axial .segments exeept the terminal one are of generally 
(\\iiiidrica1 shape, and each of them is beset laterally with globose cells in 
numbers varying commonly from 2 to 6. Most usually the spherical cell bears 
a single delicate sterigma together with \\hich it makes up a phialide having 
tin* sliape of a narrow-iieeked Florence flask (fig. 5, s; fig. 8). The terminal 
s(*ginejit of the (‘onidiophorous liypha serves directly as a phialide, being 
l)rovided most frecpieutly with a single a]>ical sterigma. As the terminal 
j)hialide often has a somewhat prolate venter it approaches in outward shape 
the more familiar gradually tapering phialides that among hyphomycetes 
])arasiti<* on nematodes (htut in members of the genera Acroaialngmm, 
Cephalosporium, Spiatria (2). 

Although the larger number of phialides bear iiulividually only a single 
nnbranched sterigma, this single sterigma in more than a few instanees gives 
off a branch and thus comes to be ]>roYided with 2 simriferous tips (figs. 5, t; 
7, o-y). Oeeasionally the sterigma gives off 2 branches, thereby acquiring 3 
sporiferous tips (fig. 5, u, v). Hometinies 2 steriguiata arise from the same 
venter, either <*lose together (figs. 7, z; 11) or from well separated positions 
(figs. 5, X, y; 10, a); and more rarely 3 sterignuita are borne .separately (fig. 
10, b). Three .sporiferous lips are found present also iii scattered instances 
where 2 separate sterignmta have been piMulm^ed, one remaining simple while 
the other has given off a branch (fig. 5, z). 

It seems probable that phialides with plural sterigmatic tips may bear 
a larger number of conidia than those provided with only one tip. In undis¬ 
turbed condition, strongly vacuolated pliialides with single unbranehed 
sterigmata are commonly found bearing individually a cluster of from 4 
to 6 eonidia in more or less parallel arrangement (fig. 11). The conidia are 
of bizarre shape in some degree reminiscent of the (‘onidia of Harposporium 




Figs. 6-13* Hatpo^portum hymaioi>porum, dia^Mi to a uniform magnitieation with the 
aid of a camera lueida; ^ 1000. Fig. 6, Dead body of nematode host (JRhahdtiu sp.) 
with a long assimilative hypha extending lengthwise through it; 6 of the 7 lateral hyphal 
branches present have given rise e^cternally to the conidiophorous prolongations a*f, which 
bear phialides ftirnif&ed uniformly with single unbrancbed sterigmuta. Fio. 7, Median 
porlioh of dead animal host, showing 6 branches coming fi om the main assimilative 
hyp^aj dve of the branches have given rise cxteraally to the conidiophorous prolongations 
ft'O; 0-jf phialides furnished with single sterigmata, each of which bears one branch; s, 
elongate terminal phialidc with two sterigmata arising from its apex. Fio. 8. Globose 
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diceractm. A narrow, recurved, minute basal pedicel is directed at an acute 
anjjfle to the main cylindrical portion of the spore. Proximally the spore 
bul|?es out rather markedly toward the side opposite the pedicel. At the 
distal end it often widens perceptibly, the contour here usually bulging 
slightly less toward the pedicel side than toward the opposite side. On the 
whole the conidia appear to be somewhat larger than those of IL diceraeum, 
their length varjung mostly from 4.5 to 6.5 p, and their width, measured in 
the unmodified median region, varying from 0.8 to 1.4 p (fig. 12). Here and 
there relatively massive conidia are found measuring 1.5 to 2.1 p in median 
width (figs. 5, s; 13). 

It may be presumed that the curious modifications in the form of conidia 
represent features adapting them for lodgment in the stoma of the host 
animal. Such lodgment obviously affords a much more secure foothold on the 
eelworm than could ordinarily be provided through adhesion to the integu¬ 
ment, being wholly unaffected by any brushing action brought about by the 
movement of the nematode through materials of harsh texture. Among con¬ 
generic forms Harpmpomim diceraeum would seem most likely to be simi¬ 
larly adapted for stomatal infection, as its conidia are of size and shape 
whereby they might fit snugly in the stoma of its usual nematode host. 
Plectus parvus Bastian. The possibility of stomatal infection in H, dicemcim 
is hardly to be considered disproved by the single instance of infection from 
an externally adhering conidinm which I happened to observe and which I 
took occasion to illustrate (2, p. 798, fig, 7, A). In any ca.se the curious adap- 
tational features developed by the Colorado fungus in relation to its manner 
of attack may be api>ropriateIy signalized in a specific epithet compounded 
in part of a term meaning ‘*])]ug.” 

Harposporium bysmatosporum Dreidisler, sp. nov. Mycelium nutritum 
iucoloratum, scptatum, iutra vermieulos nematoideos viveutes evolutnm, 
saepe ex iinica hypha filiformi 150-300 p longa (quandocpie in pluribus 
hyphis ejusmodi) et pluribus (vulgo 5-15) ramis eoustaus; hypha et ramis 
in cellulis 5-25 p longis 2.5-3.5 p crassis consistentibus. Hyphae fertiles post 
mortem auimalis extra corpus evolutae; submersae vel repentes, plerumque 
simplices, rarius parum I'amosae, septatae, in axe ex 2-6 cellulis constantes, 
saepius 15-40 p longae, 2-3 p (*rassae, hie illie ramulos eonidiferos (phialas) 
globosos 3-4 p crassos ferentes; his ramulis conidiferis saepius unico sterig- 
mate quandoque 2-3 sterigmatibus praeditis; sterigmatibus plerumque gim- 


pliklide with a single unbrancUed sterigma to is attached a full-grown comdinm. 

Fie. 9. Terminal phialide with two simple sterigmata arising from its apex. Fio, 10. 
Terminal portion of a conidiophorous hypha, showing a terminal phialide, a, wuth 2 
stcrigmata, and a lateral ]>hialide, b, with 3 separate sterigmata. Fio. 11. Median portion 
of a eonidiophorons hypha, showing 4 lateral phialides -which have produced flusters of 
conidia; the number of spores in a group varying from 4 to 6. Fig. 12. Kandom assort¬ 
ment of conidia, showing usual variations in site and shape. Fig. 13. Conidia of more 
than usual siae. 
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plicibuft, 2-4 p lougis, circa 0,8 p crassis, siibiiide 1 vel 2 ramuaculis instruc- 
tis, vulgo 4^ conidia apice deinceps gignentibiis; eonidiis continuia, 
iucoloratis, ad,formam ossi lacerti (umero) paid urn similibus, deorsvm hi 
minutum pedicellum oblique recunds, sursum rotundatis et saepiua plns^ 
minusve dilatatis, plerumque 4.5-6.5 p longis, 0.8-2.1 p craasis, quando- 
cuuque ab vermiculo nematoideo siugulatim suinptis stoma animalis obturau- 
tibus et inde hyphani gertninatiouis in corpus ejus intrudeiitibns. 

Vermieulos nematodeos specie Rhabditis necans habitat in stramento 
(foliis acere caiilibusque) Hordei vulgaris putreseenti prope Greeley, Colo¬ 
rado. 

Assimilative mycelium colorless, septate, growing within living nema¬ 
todes, frequently consisting of a single main filamentous liypha 150 to 
300 p long (sometimes of several such hyphae) together with lateral branches 
niimbering commonly from 5 to 15 and measuring from 5 to 25 p in length; 
the hyphae and branches being composed of segments mostly 5 to 25 p long 
and 2.5 to 3.5 p wide, (llonidiophorous hyphae, after death of animal host, 
formed in the surrounding or on tlie underlying material, with respect to 
their main axis mostly simple, more rarely somewhat meagerly branched, 
divided mostly by 1 to 5 cross-walls, measuring usually 15 to 40 p in length 
and 2 to 3 p in width, bearing laterally here and there globose eonidiiferoiis 
cells (phialides) mostly 3 to 4 p in diameter; these cells commonly provided 
with a single sterigma, thongli occasionally provideil w’ith 2 or 3 separate 
sterigmata; the sterigmata usually simple and usually measuring 2 to 4 fi 
in length and 0.8 p in width, but occasionally bearing 1 or 2 branches. 
Conidia commonly formed in clusters of 4 to 6, continuous, colorless, some¬ 
what resembling the human upper-arm-bone in shape, at tlie base recurved 
obliquely into a minute pedicel, at the distal end rounded ami often notice¬ 
ably widened, usually measuring 4.5 to 6.5 p in length and .8 to 2.1 p in 
median width, wherever sucked in by a host nematode stopping up the ani- 
mars stoma, and then intruding a germ tube into its fleshy body. 

Destroying nematodes referable to Khahditiit sp., it occurs in decaying 
straw^ (stems, leaves, and chaff) of Honhmm vulgarc near Greeley, (\>lora<U> 

V, 8. Department op Aorict’lture 
BELT.« ivrLiiE, Martland 
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ANOMALOSICYOS, A NEW GENUS IN CUCURBITACEAE^ 

Howard Scott Gentry 

lu the determination of recent Sinaloan collections a small cucurbi- 
taceous vine appeared to be j?euerieally anomalous. Although clearly related 
to Sicffos it possesses characters atypical of the genus as knowi in North 
Anieri(*a. The latest monograph of Sicyos is that of Cogniaux published in 
1881 (I)(\ Monog. Phanerog. 3: 869-^99). His later work on the Cucurbi- 
taceae fPflanzenr. IV, 275. 1916-1924) did not reach the tribe Sicyoidae. In 
tlie former work his section of Sicyos, Airactocarpos^ characterized by 
Flores feminei solitarii rarius geminati. Fructus compressus, saepius fusi- 
formis, pericarpio teiiiii,” would include the Sinaloa plant under considera- 
tioii. Section Atractocarpos includes six South American species, which, ex¬ 
cept those with flattened fruits, appear to show no common difference 
from the Sinaloa plant, which has a nearly terete fruit. Ail of the.se species 
form a distinct and clearly related assemblage characterized by reduced 
anthers and slender, fusiform, solitary or geminate, long-pedunculate fruits. 
Because the name Atraciocarpiis is preoccupied by a grass genus and is 
likewise identical in etymology with Airacioewpos, it is not available for 
what is (*)early a genus worthy of separation from Sicyos, 

Anomalosicyos Gentry, gen. nov. Herbae annuae, scandentes, glabrae 
vel pubescenti-scabriusculae; folia membranacea, angulata vel lobata; cirrhi 
2-.‘Lfidi; flores monoici, parvi vel miiiuti; masciili raceinosi; calycis tubus late 
I'ampanulatus, dentibus 5 parvis reinotis subulatis vel vestigialibus; corolla 
rotata vel subcarapanulata, 5-partita, segmentis triangulari-ovatis, cum 
calyce omnino confluontibus; stamina 2 vel 3, fnndo calycis inserta; fila- 
meutis in coinmnam brevein couuatis; antherae ad apicem columnae sessiles 
in capituluin connatae, loculis arcuatis; flores feminei in eadem axilla cum 
inflorescentia masciila solitarii vel geminati, peduuculati; corolla tiibiforma 
rotata; stamiiUHlia nulla; ovarium 1 ineari-fusiforme, rostratum setosum, uni- 
loculare; .stylus brevis, gracilis, stigmatibus 3 papillosis; ovuluiu unicum, ex 
apice lo<*uIi pendulum; fructus parvis, indehiscens, lineari-fusiformis, teretis 
vel compressus, longe pedunculatus, pendulus; semen loculo couforme, testa 
membranacea. Species typicus, Anomah).sicyos harbatus, 

Anomalosicyos barbatus Gentry, sp, nov. Ilerba scandens; caulis 
rainique graciles, striati, sparse glandnlosi-puberulentes, ad nodos pilis 
loiigis albis praediti; petiolns 2-4 cm. longus albi-pubescens, piliolis inter- 
dum glandulifcris; folia membranacea, lata eordata, 5-8 cm. longa, 7-10 cm. 
lata, apiculata snbtiliter denticulata, ad basim late emarginata, 3-5-lobata 
lobis late triaugidarig, omnibuis lobis aristatk, sparse scabri-puberulenta; 

1 PuM. No. 839 from the Pepartmoat of Botany, T^iiivcM'ftity of Michigan. 

m 
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1. Af^maloaicyos harhatnn; A, habit, y0,5. B, fruit, x4.0, C, fruit 0 ]U*iiod to 
show ovule, y 2.4^ 
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cirrhi graciles 3-fidi; ^ pedunculi filiformes, 6-7 cm. longi, ad apicem leviter 
puberulentes; pedicelli glabri 7-10 mm. longi; flores minuti, albi, cam- 
panulati; corolla 3 mm. dta, 4 mm. lata, iutos glandulosi-hirtella, segmcntis 
ovati-triangularibus, 1.5 mm. longis, leviter hirtellis; sepala vestigialia,- an- 
therae 2 vel 3, exaertae, loculis dexuosis areuatis; $ pedunculi filiformes, ad 
basim sparse glandulosi-pubeseentes, fructifer ^ cm. longus; $ corolla 2 
mm. alta, 3 mm. lata, segmentis ovati-triangularibus, 1 mm. longis, intus 
glandulosi-punctatis; sepala minuta, viridia; pedicelli fruetiferi 5-10 ram. 
longi, aculeis basalibus ^12 mm. longis, barbartis; fruetus 2-3 cm. longus, 

2- :» mm. dium., fusiformis; pcricarpium tcnuissimum, barbatum, aculie ca. 

3- 6. acicularis. .>-12 mm. longis. , 

Types : Oeiitry 6600, “Las Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 
l.>, 1941,’’ in herb. I’niv. Mich. Dupla in herb. Stanford Univ., Inst. Biol. 
Mex.. X. y. Bot. Qard., Harvard Univ., Mo. Bot. Gard., Gentry, Univ. Ariz. 

Tiie fruits examined are nearly mature and are apparently indehiseent 
since the hypanthium, ovar>’, and ovule tissues are fused with the seed coat 
and a line of abscission is clearly apparent at the base of stalk joining the 
petluncle. Such a structure, together with the barbules of both the pericarp 
and the spinoid prickles, indicates that it is adapted to carriage and dis¬ 
semination by animals. 

In habit this plant greatly resembles the many small species of herbaceous 
cucurbit vines .so numerous through the moist habitats of the tropics and 
subtropics. Unlike many of these, however, its appearance is singular because 
of the curiously .shaped, gracefully hanging and delicately formed fruits. In 
J^icyos the fruits are flattened-ovoid, den.sely prickly, and borne in rather 
dense capitate clusters or corymbs, so that the two genera can readily be 
sejiarated at sight. Anomahsicyos might more easily be confused with 
Echinocystis or Echinopepon on superficial examination, since these latter 
have echiuate, dryish, hanging fruits, but they are larger and more densely 
pricklwl, to mention the most obvious difference.s. On the whole, the Cueurbi- 
taccae require microscopic floral examination for generic segregation, since 
distinct genera may have the same habit and might be carelessly placed in 
a single species. 

Anomalosicyos barbatus forma lobatus Gentry, forma nov. Folia pro- 
funde 5-Iobata. lobis ovati-lanceolata, aristatis. Types: Gentry 6600-A, “Las 
Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 15, 1941,’’ in herb. Univ. 
Mich. Dupla in herb. Gentry, Univ. Ariz., Mo. Bot. Gard., Harvard Univ., 
X. Y. Bot. Gard. 

This form differs from the typical form of the species only in the deeply 
lobed leaves and was collected in the same small canyon not 50 feet distant 
from the foraier. The fruits and the flowers show no taxouomically signifi¬ 
cant differences. The difference in leaf appears attributable to a segregating 
Mendelian factor. Many species in other genera of the cucurbits are known 



FlO. 2, A, 15, AmmahsivifOh burhaim; female corolla and mule corolla with dtliweed 
antber cells, respectnch , ^ 15. (’, AnomaUmnjOH haihafu^ fotmn lobaiun; balnt *^ll()^Mn^? 
deeply lobed leaves; x 0.5. 


X940) 


GENTRY : NEW OENTTS IN CUCUEBITACBAE 


969 


to vary couwderably in the form and especially in the dissection of their 
leaves. Cognianx rather consistently detailed them as varieties, in accordance 
with the practice of his times. 

The allied South American species are as follows: 

Anomalosicyos fusiformis (}entrj% comb. nov. I^icyos fustformis Cogn. 
in Mart. PI. Bras. fa8<*. 78 : 108. pL H4, Described from collection taken near 
Rio de Janeiro, Brasil. 

Anomalosi^os Martii Gentry, comb. nov. If^icyos Martii Cogn. in Mart. 
FJ. Bras. fasc. 78 : 109. Brazil; Prov. Minas Geraes and Rio dc Janeiro. 

Anomalosicyos palmatilobus Gentry, <-onib. nov. t^icyos paJm<ifUobu» 
Cogn. in DO. Prodr. Phanerog. 3: 891. 1881, *^Ad flnvium llaule prope 
Guayaquil.’* 

Anomalosicyos quinquelobatus Gentry, (*omb. nov. SicyoH quinquelo- 
bains Cogn. in Mart. FL Bras., fasc. 78 : 109. “In sylvis Brasiliae prope 
Bauaual prov, S. Paulo. 

Anomalosicyos macrocarpus Gentry, comb. nov. Sicyo.s macrocarpus 
(^ogn.iiiDC. Prodr. Phanerog.3: 89:i. 1881. Mont. Chimborazo ^Ecuador?) ; 
Venezuela; “prope coloniam Tovar.” 

Anomalosicyos Andreanus Gentry, comb. nov. N/rj/os Andrcaints 
Cogn. Bui. Acad. Belg. 11. 49 : 200. Ecuador; Mont. C'himborazo, 859 in. 
elcv. (Andre 8996). 

f)Ef*ART!aKNT OF BoTANV, TnIVERsITY OF MlCUlIGAN 

Ann Arbor, Mk iiioan 
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NOMENCLATURA^L NOTES AND A NEW SPECIES 
OF CUSCUTA 

T. G. yUNCKER 

Cuscuta colembiana Yuiicker, spec, iiov. Gaiiles teniiissimi, marees- 
ceutes et ad postremum evanesceiites ex infloreseentiis. Flores plus minusve 
carnosi, eirea 1.6 mm. longi ab floris basi ad eorollae sinus, pediculis 
plerumque longrioribus quam floribus. lufloreseeutia paniculato-eymosa 
fonnansque fascicules. Calycis lobi ovato-laneeolati usque oblongi, aeumi- 
nati, plus miuusve se diffundeiites. Curollae earapanulati, papillati ad basim, 
lobi ovato-laneeolati, acuuiinati. Stamina paene tarn long! quam eorollae 
lobi. Squamae usque ad stamina, oblougae ant spatulatae, fimbriatae. Styli 
tenues, longiores quam ovaritim globosnin. (^apsula depresso-globosa, ad 
postremum circumscissilis. 



Fifl. 3. CuMcuta eolombiana Yuneker. Ay flower, 02; B, opened coi*oUa, ^ 12; C, 
opened calyx, x 32; D, young capsule, » 12; F, scale, • 24. 

Specimens examined, ('olombia. Dept. Magdalena; Open grassdand at 
Alto de Mina.s alt. about 300 m., on Enpltm^hm .sp., October 10, 1944, Oscar 
Haught no. 4iO() (type, in U, S. Nat. Herb.); on drjdng herbs, vines an<l 
under-shrubs, near Riohacha, alt. 30 m., Dec. 24, 1944, Oscar Ilaught no. 
4536 (U. S. National Herbarium), 

This species appears to belong in the siib.se<dion Urabellatae of section 
Bugrammica and is mostly closely related to C. graeillima Eugelmann and 
C. mccharata (Engelm.) yuneker of Mexico and Central America. It is 
noteworthy because of the dense, globose clusters up to 3 or 4 cm. in diame¬ 
ter, and the marked cup and saucer appearance of many of the flowers 
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caused by the spreading calyx lobes. No matured capsules were observed 
but the immature fruit gave evidence of eventually breaking amy near the 
base in an irregular line of cireumscission. 

It differs from C. saceharata because of its smoother flowers and from 

gracittitna because of its shorter stamens and styles and from both be¬ 
cause of the spreading calyx lobes. 

Recently Dr. T. H. Kearney raibe<l the question relative to the proper 
authority for the name Cuicuta ealifornica, which has been commonly cred¬ 
ited to CJhoisy who published it in the Memoires de la Soei^t4 de Physique 
et d’Histoire Naturelle de Geneve 9 : 279, 1841-42. Hooker and Arnott u^ 
the same name for the same species on page 364 of their Botany of Captain 
Beechey’s Voyagt, dated 1841. Choisy’s paper carries the notation that it 
was communicated January 21, 1841, which would appear to be tlie reason 
for assuming that Choisy had priority. In checking to determine the exact 
dates of publication of these two papers. I am indebted to Dr. H. W. Rickett 
who states that t’hoisy’s paper very probably did not actually appear until 
1842 and also that the part of Beeehey’s Voyage containing page 364 came 
out ill 1838. This clearly indicates that Hwiker and Arnott have priority 
as authors for the name of this common western species. 

In 1935 I published (Bull. Torrey t'lub 62 : 512) a new variety of 
Cuscuta delioidca Yuncker under the name serrulata. Later (ibid. 69 : 542, 
1942). I described and figured Cuscuta serruloha as a new species. At that 
time I did not recognize the relationship of this new species with my formerly 
described variety. More abundant material has recently come to hand, how¬ 
ever. which shows that they are the same. The evidence for specific rank is 
also .strengthened, so this plant .should now be known a.s Cuscuta serruloha 
Yuncker. 

DkPAIIW ItNIVEKSlTY 

GREENCASSTliE, INDIANA 
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OALEA EMPHYSODES. AN INVALID NAME 

Robebt T. Ciacsen 

Mr, F. J. Hei-maun has kindly brought to my attention the fact that 
Psoroien ^mphyaodes Jaeq., on which the combination Dalea emphysodea is 
based, is a later synonym of Psoralen carthaginensis Jacq. Enum. Syst. PL 
Carib. 27 (1762). Killip (Jour. Wash. Acad. Sci. 36: 359.1936) indicated the 
essential synon^’m}’^ of this species and published the combination Parosela 
earihaginensis. Unfortunately, I overlooked SCillip’s publication, also Mae- 
bride’s paper (Field Mus. Pub. Bot. 13®: 375. 1943) in which he made the 
combination D. carthayinensis. The three subspecies which I recently desig' 
nated under D. emphyaodcs should now be transferred fo B. carthaginensis 
(Jacq.) Maebride, with the nomeuclaturally typical subspecies, with the 
lobes of the calyx straight, to include Psoralen emphysodea. 

DaiiBa. csastuaoineksis subsp. typica R. T. Clausen, nom. nov., based on 
Psoralea carthaginensis Jacq. loc. eit. The synonymy is listed under I). 
emphysodea subsp. emphysodes (Jacquin) R. T. Clausen, Bull. Torrey Club 
78: 85 (1946). D. trkhoculyx Ulbricb possibly also should be included here. 
I am purposely iising the epithet typica in order to abide by recommendation 
18 under article 30 of the International Rules of Botanical Nomenclature, 
which states that botanists should avuHd giving a new epithet to any sub¬ 
division of a species w'hich includes the type either of a higher subdivisional 
name or of the specific name. They should either re|)eat that epithet, with or 
without a prefix, or use one of the custoraarj' epithets, iypicns, genuinvs, 
originariua, etc. Since the use of the subspecific epithet emphysodes here 
would violate this recommendation because it is based on a type different 
from that of the specific epithet, also since the use of emphysodes would 
create ambiguity, thus \;iolating article 4 of the Rules, the designation of the 
typical subspecies as typica seems justified. 

DAiiEA cASTHAotNENsis subsp. domingcnsis (DC.) R. T. Clausen, comb, 
nov., based on Dalea domingcnsis DC. Prodr, 2; 246 (1825). The synonymy 
is listed under B. emphysodes sahsp. domingensis (DC.) R. T. Clausen, loc. 
eit . 


DaIiEA oARTaaoiNENsis subsp. thyraifiora (A. Cray) R. T. Clausen, comb, 
nov., ba8e<l on Dalea thyrsiftora A. Gray, Proc. Am. Acad. 5:177 (1861).'The 

S aonymy is lisfied under B. emphysodes subsp. thyrsiftora (A. Gray) R. T. 
ansen, loc. eit, 

Dkpabtmekt of Botant, CoBNELLiJKnVBBsrry 
Ithaca, New Yobk 






BULLBOMN OT THE TOBRBY BOTANICAL OLITB 


Vou 73, No. 8, pp. 578-587 


Novbmbeb, 1046 


THE ROLE OF CERTAIN ENVIRONMENTAL FACTORS 
IN GROWTH AND REPRODUCTION OF PROTO^ 
SIPHON BOTRYOIDES KLEBS~I. RACES. 

STRAINS AND CLONES^ 

Sister Maru Laurence Maher, I.H.M.* 

Adjarof in 1905 noted that the lower organisms and especially the green 
algae lend themselves to the most varied experiments. They have attracted 
the attention of botanists either from the point of view of the conditions of 
their nutrition or the relations between nntrition and the modifications of 
internal and external morphology, and also because of the importance of 
the organisms in the development of the species-concept. 

^ Protosiphwi Klebs is a genus of Chlorophyeeae which is included in the 
Chlorocoecales by West and Fritsch (1927), Printz (1927), Brunnthaler 
(1915) and Oltmaims (1922). Setchell and Gardner (1920), West (1916) 
and Bold (1933) prefer to include it among the Siphouales. Protosiphon 
lends itself to experimentation to an exceptional degree because of the 
readiness with which it responds to changes hi environment and the certainty 
with which a given form or stage can be evoked. 

Moewus (1933, 1935a, b) reached interesting conclusions regarding the 
effect of certain environmental factors on this as well as on some other organ¬ 
isms. Twenty-two of the experiments performed by him (1935b) on Proto- 
s%phon were analyzed by Philip and Haldane (1939) who calculated that 
‘*if every member of the human race conducted a set of experiments of this 
type daily, they might reasonably hope for such a success once in fifty thou¬ 
sand million years/* They state that one alternative to the hypothesis of 
chance is the presence of a wholly new type of biological regulation that 
controls the frequency of segi’egatiou with extreme sharpness and that this 
applies to three segn*gations in two specjics. The other is that the autlior has 
consciously or unconsciously adjusted his observations to fit his theory. 
They suggest that the importance of the work for the theory of sex-determi¬ 
nation call6 for a repetition of the work hy an independent worker. Sonne- 
born (1941) says that the failure of Pringsheim and Ondrafek (1989) in 
their attempt to confirm certain points of the work of Moewus, their nuiner- 

I This work will appear in three porta; a list of literature cited will be found in 
pan III. 

a The author is indebted to Dr. Harold C. Bold who directed thia study. 

Publication of the illustrations was assisted by the Luejim M. Underwood Memorial 
Fund, 
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OQS critieisms, the criticisms of Philip and Haldane (1939), internal incon* 
sistenciee in the data listed bjr Moewus, and the great theoretical importance 
of the work make an independent repetition of it an urgent need. 

The present study is not an attempt to repeat completely the work of 
Moewus, but it is a step that should be helpful when such an attempt is made. 
The objective was to study the effect on the growth and reproduction of 
Protosiphon of various environmental conditions with a view to determining, 
if possible, optimum cultural conditions. The influence of such factors as 
temperature, age of cultures, and the hydrogen-ion concentration of media 
on gamete formation have been considered, and some attention has been 
given to factors that induce conjugation. 

HAT£»ULS AND METHODS 

Origin of Races. The Profosiphon-raee designated by B was kindly sup¬ 
plied by Dr. Harold C. Bold from the material used by him in his work 
on the life history and cytology of Protosiphon (1933). Moewus (1933) also 
employed this race in some of his experiments. 

ISoil samples were obtained from Syracuse, N. Y.; Scranton, Pa.j Vir¬ 
ginia and Nebraska. Cultivated soil from the surface layer was taken at 
various times of the year. From such a sample, about 5 g. of soil were added 
to 40 ml. of sterile nutrient solution in a 50 ml. flask. The flasks were plugged 
with cotton stoppers and allowed to stand near a window or in artificial 
light until there was visible green color on the sides. With the aid of a 
binocular dissecting microscope with lenses giving a magnification of 60 
diameters, and very fine platinum needles, algae were removed to solid 
nutrient media. At first many species of algae were present but as soon as 
the characteristic thalli of Protosiphon appeared, they were separated from 
the other varieties by means of platinum needles, ^ that unialgal cultures 
were secured. Transfers were repeated until ffacteria and other fungi were 
eliminated. A quicker method is to tease out coenocysts from sacs with fine 
dissecting needles (Schramm 1914). The coenocysts are then washed with 
agar of 1 per cent concentration and transferred to fresh agar. It was found 
that coenocysts could be washed and transferred with platinum needles more 
readily from agar than from water. Absolutely pure cultures were used in 
the experiments. The purity was tested by microscopic examination and by 
growing the cultures from time to time on media containing glucose or inulin. 

Iscdation of Clones. The progeny of a single plant (cell or sac) (fig. 
12) ia called a strain. A sac from a strain culture was placed in a drop of 
distilled water on the surface of nutrient agar in a Petri dish. The dishes 
were subjected to a temperature a few degrees above that of the room until 
the contents had formed motile swarmers which had not yet escaped. This 
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requires about four to six hours depending on the temperature and the 
condition of the plants. Such a sae is then picked up with a platinum needle 
and drawn over the surface of agar in a Petri dish; as a result of such 
manipulation the sac is ruptured and the gametes are spread out on the 
surface and are unable to conjugate. A thin layer of agar was used so that 
with the aid of a microscope the position of some gametes could be marked 
and their development kept under observation. Unfused gametes begin 
development more quickly than zygotes and, vdth 0.125 per cent glucose 
added to the nutrient agar, they were large enough in four or five days to be 
transferred easily to individual plates of nutrient agar. Bold (1933) has 
demonstrated that the potential gametes (swarmers) each contain one 
nucleus. The culture that develops from a single unfused gamete is called 
a clone or clonal culture. 

Til this study absolutely pure clonal cultures have been used exclusively. 
For convenience in referring to them, they have been assigned a letter to 
designate the source. Moewus (1935b) applied the term race to the plants 
6btaine(l from a given locality and it is used in the same way in this paper. 
The figure preceding the letter is the number of the strain and the figure 
following the letter is the number of the clone from that strain. For example, 
1B2 refers to the second clone taken from strain 7 of the Bold race. The 
Marywooil race designated by M was taken from soil collected in Scranton, 
Pennsylvania, (’ultures taken from soil samples collected in Syracuse, Nev 
York, are marked S N and V refer to cultures from Nebraska and Virginia. 

Optimum Cultural Conditions and Media. Pyn*x glassware was used 
exclusively. Petri dishes, flasks, and test tubes were fii*st waslied ivith sulfuric 
acid-potassium dichromate mixture. Bacteriological technique w^s employed 

Optimum development of the sacs in all the strains was secured at a tem¬ 
perature of 19® C or below. Higher temperatures particularly when com¬ 
bined with excessive moisture evoke continuous formation of gametes, and 
a corresponding la(‘k of large, wtH developed sacs. It w’as found necessary 
to keep the cultures in a cool place with a light source similar to that de¬ 
scribed by Bold (1936). 

rniformly goml results were secured wdieu Protosiphon was cultured in 
Bristol’s solution (1919) modified b}" substituting dipotassium phosphate 
for some of the monopotassium phosphate in the original formula. This gives 
a solution that has a lower hydrogen-ion concentration than one prepared 
according to the original formula. The formula employed is as follows: 

K 4 HPO 4 0.3 gram Natn 0.1 gram 

KH,PO, 0.7 gram Oaa, 0.1 gram 

NaNOs 1.0 gram water 1000.0 ml. 

MgB 04 0.3 gram 

One drop of 1.0 per cent FeCla solution was added to each liter of the 
medium, and 2 ml. of minor elements solution (Oraig & Trelease 1937), as 
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well as 1 ml. of molybdio acid solution (30 mg. of 85% molybdk) acid in 1000 
ml of distilled water). Three volumes of water were added to one volume 
of this medium so that the concentration used is 0.06 per cent by weight- 
volume. The water was redistilled through a Pyrex glass condenser. 

Whenever not otherwise stated, two series, one in solid media and the 
other in liquid media were set op for each experiment. Six Erlenmeyer flasks 
of 50 ml. capacity and each containing 40 ml. of solution were used for the 
experiments with liquid media. In later experiments, because it was found 
more convenient for centrifuging, 35 ml. of liquid media were used. Six 
slants containing the same solution as the flasks, solidified with 1.5 per cent 
agar were used as a parallel series. 

Plants for inoculation were taken from cultures grown for two weeks 
on modified Bristol’s solution described above and solidified with 1 per cent 
agar. One loopful of the plants was streaked on each slant and one loopful 
was added to each flask. 

Growth on agar was estimated by gross appearance and by measuring 
one hundred sacs with an ocular micrometer, (’olor changes from green to 
red indicate that the plants have stopped growing and are forming eoeno- 
cysts. 

Observations were also made as to the size and appearance of sacs grow¬ 
ing in liquid cultures. An arbitraiy' set of color standards was set up and 
the color intensity recorded as 1, 2, .*1, etc. The total quantity of growth in 
liquid was determined by centrifuging and measuring with the aid of gradu¬ 
ated tubes (hematocrit method). 

REVIEW OP UTERAlimE 

Klebs (1696) and Moewus (1933, 1935b) among others have published 
extensive accounts dealing with the influence of the environment on repro¬ 
duction and on sexuality in Protosiphon. Their observations, in so far as 
they bear on the present study, have been summarized in tabular form 
(tables 1, 2). Their disagreement on such points as the influence of concen¬ 
tration of the medium and temperature on gamete formation and fn.sion is 
apparent from a comparison of tables 1 and 2. 

Oltmanns (1922) stated that gametes can be formed in about three hours 
«t 20*’-26‘’ C, but that they do not copulate if the temperature is increased 
to 26® or 27® C. He reports that coenoeysts are formed by such causes as 
drying of the substratum, intensive .sunlight and increasing temperature. 

Moewus (1983) reported a series of experiments with residual gametes 
of Protosiphon hotryoides. The presence of zygotes on slides to which single 
me$ had been transferred indicated that the organism is monoecious. A num¬ 
ber of plants were placed singly in each of ten Bdveri dishes. Zygotes were 
formed and remained on the bottom of all the dishes and unfused gametes 
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gathered on the lighted side. These continued to be motile for 15 hours. Doiv 
ing this time unfused gametes from the di^es -(vere combined in all possible 
ways. The residual gametes from seven dishes were found to be of one sex 
and those from the other dishes belonged to the other sex. Fusion oceurred 
when gametes of unlike sexes were combined. Moewus interpreted this as 
indicative of physiological differentiation in au alga with phenotypic sex 
determination. 

i 

TABLE 1. Effect of envtrontaental factors on the growth and reproduotton of Proto- 
mpkon botrpotdes as reported bp Klebs (t6‘96). 



Effects on 

Factor 

Vegetative ^owth 
and formation of 
coenocjrBts 

Gamete forma¬ 
tion 

Conjugation of 
gametes 

Concentration 
of nutrient 
solution 

In dilute solution cells 
were globular or elub- 
like in form. Best de- 
velopment in 1.0% nu¬ 
trient solution. 

Transferring cells to 
water or to fresh nu¬ 
trient solution of 0.4% 
or even 1.0% caused 
swarmer formation. In¬ 
creasing the concentra¬ 
tion slowed the process. 
Adding 1.0% to 2.0% 
sucrose accelerated it. : 

Took place readily in 
water, was retarded wb^ 
concentration was in¬ 
creased. Very slow in 
1.0% inorganic solution. 
1.0% sucrose or of many 
other sugars accelerated 
copulation. 

Light 

In weak light, cells re¬ 
mained small and there 
was no separation of 
lobes and branches by 
fM^pta. Bright sunlight 
hastened the formation 
of coenoeysts and was 
requisite for their for¬ 
mation if the cells were 
m pure water. 

Dim light or darkness 
induced swarmer for¬ 
mation in growing ceils. 
Light hastened the for 
mation of swarmers 
from coenocysts. 

Conjugation was re¬ 
tarded by darkness. 

1 

i 

( 

1 

1 

( 

Temperature 

Increase of tempera- j 
ture promoted forma¬ 
tion of coenocysts when 
food supply ivas sUf-1 
ficient. 

Time required de¬ 
creased gradually from 
24-48 hours at 4‘^-€® C 
to 2i-3 hours as the 
temperature increased 
to C, At low i 

temperatures the pro¬ 
cess continued for 
many days. 

Temperatures of 26®- 
27® C rob swarmers of 
ability to conjugate. 
Swarmers formed at 0®- 
1® C conjugated but those 
brought from the warm¬ 
ing oven to lower tem¬ 
peratures did not. 


Later (1935b), Moewus worketl with eleven races of Protosiphon that 
were obtained from different localities. Some of these were monoecious-and 
others dioecious. In some cases he reported that sex determination was geno¬ 
typic and in others phenotypic. He states that the B (Bold) race is dioecious 
and that the gametes of a single clone never fuse. When germinal iug zygotes 
with eight nuclei were transferred to agar and allowetl to form zoospores, 
four of the clones obtained from such a zygote were negative and four were 
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poAthre. Be reportiit that reduetiou takes place when the eygote germiiiaies 
and witib it sexual a^irSgation in a ratio of 1:1. He used the 4- and ~ gametes 
of the B race to teat the sexuality of the other races studied. He states, in 
a footnote^ that it was not determined by Bold (1933) that this same race B 


TABXiB 2. WffteU of environmmial factors on the growth and roj^roduotion of t^roio- 
oifkon botfyoidos (from Hoewua 19$S^ 19SSb), 



Bffeete on 

« 

Factor 

Vegetative ^owth 
and formation of 
eoenoeysts 

Gamete forma¬ 
tion 

Conjugation of 
gametes 

CoAceiitration 
of eolation 

1 

XiUrgest »ac8 were pro* 
dueod in 0.5% Kolk* 
wit*’ solution with 
0.7% agar. On 11% 
agar the cells remained 
small and tended to 
produce coenocysts. 
Lack of food and lack 
of water induced for* 
mation of eoenoeysta. 

Gametes were produced 
in tap water* distilled 
water, 1.0% Kolkwits’ 
solution and 1.0% Sor- 
bit solution. 

Copulation in all solu¬ 
tions in which gametes 
wer# produced and in 
solutions with concent ra^ 
tions twenty times 
higher. 

Light 

i 

Cultures grew equally 
well in artificial light 
or in natural light 
from a window. 

No effect. Gametes 
formed in four or five 
hours in light or in 
darkness. 

No effect. Gametes copu¬ 
lated in darkness as in 
light if other conditions 
were satisfied. 

Temperature 

Temperatures over 

I .‘10® C accelerated for 
mation of eoenocysta. i 

Xo effect on time re 
qiiired for gamete for 
mation. Between 7® (' 
and 28** V gametes nere 
ahMiys produced in 
four to fi\e hours after 
plants uere transferred 
to liquid. 

All swarmers could copu¬ 
late between 2® C and 28® 
C (1933). At tempera¬ 
tures higher than 18®- 
19® C an Increase in the 
number of f residual 
gametes (1935a). 

pH 

Good growth l>etween 
pH 4.5 and pH 9.5, 

# 

In acid media more 
than - gametes were 
produced. In alkaline 
media, more ~ gametes 
were produced. With 
culture and gamete for¬ 
mation at pH 7, and a 
temperature of 18® to 
19® C equal numbers of 
f and - gametes were 
produced. 

Following culture and 
gamete ^rmation at pH 
4.5, there was little con¬ 
jugation and most of the 
residual gametes were K 
At pH 7,0, there was 
much conjugation and the 
temperature determined 
whether the residual 
gametes would be -f or 
Below 18® C, - gametes 
were more numerous, 
above 18® 0, + gametes 
were more numerous. 


was genotypically dioecious, and suggests that a mutation may have taken 
plaee. He reports that the material was in bad condition after shipment and 
states that many races of Proiosiphon easily undergo mutation of sex. 

^'he basiQ problem of sexuality according to Bonnebom (1941) is whether 
the copulating or conjugating cells regularly diifer from one another. Pritsch 
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(1935) states that fiision between the gametes of the same parent individual 
is rare. If this be tnie, then the majority of isogamous algae are dioecious. 
If the copulating gametes are not diverse physiologically, then any two 
gametes can copulate with one another, but if they are regularly diverse, 
there must be at least two kinds of gametes with copulation between gametes 
of different types. 

Pringsheim and Ohdraeek (1939) attempted an experiment with residual 
gametes of Protosiphon. They used plants that were from three days to two 
months old. Plants were transferred to a number of different solutions and 
the dishes placed in window light, in artificial light, in darkness and then in 
light. The results were always the same. In the first hours there were few 
gametes. Gradually thej' bet'ame more numerous and copulation began while 
additional gametes w'ere being formed. On the following morning, in all the 
dishes, there w’ere gametes in group formation and zygotes. The whole* 
process was long and eoutiunous and there were no residual gametes. Prom 
the same dishes gametes were transferred on the following day to distilled 
water in each of ten dishes. Cametes collected on the lighted side of the 
dishes and after from six to seven hours, there was .strong copulation. After 
a few more hours, there were only a few swarmers and no residual gametes. 
Pringsheim and Oudracek suggest that residual gametes are left over only 
when the conditions for copulation are unsuitable. They were unable to con¬ 
firm Moewus’ (1935) results. 


OBSER.VATIONS 

Character of the Races. As a iirdiminary to the .study of the intiuenee 
of individual environmental factors, a comparative study of the various 
races was undertaken. The ohseiwations are summarized in tables 3.4. and 5. 

The B Race. The general features of the structure and reproduction 
of Protosiphon iotryontes have been made known through the studies of 
t'ienkouwki (1855), Itustafinski and Woronin (1877). and Klehs (1896). 
The life history and e.vtology were worked out by Bold (1933). 

Protosiphon hotryoiites Klebs is found ass«»ciated with Boirydium on 
damp soil. Under suitable conditions, the aerial iMtrtiou of a single plant may 
extend 0.5 mm. above the surface of the stjbstratnm w’ith the unbranched 
rliizoid penetrating the soil to a depth of 1 mm. The aerial portion may be 
branched, but the subterranean rhiz<»id i.s u^branched, in contrast with that 
of Botrydivm. 

The central part of the thallns is (wcupied by a large central vacuole or 
a series of vacuoles. These are surrounded by a layer of protoplasm that 
becomes very thin in the colorless rhiaoidal part. The plant is imiuneleate 
only durihg reproduction. It becomea multimieleate very early in its develop¬ 
ment and the nuclei are distributed betw’een the plasm membrane and the 
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toiM^laat. Pyreooids are present both in the peripheral and the deeper pro¬ 
toplasm. The protoplasm of young tballi and young ooenocysts is character¬ 
istically vacuolate. ‘ 

Reproduction is accomplished by separation of lobes and branches from 
young parent plants, by septa, and by formation of gametes from thalli and 
frcan ooenocysts. The gametes can grow dirCctly into new plants or they may 
fuse in pairs to form thick-walled zygospores. The zygospores may develop 
after a period of dormancy into new thajli. Gametes that are not liberated 
from the parent plant develop walls within it and by their growth into thalli 
eventnally rupture the mother thallus wall. 

Under conditions of drought and bright sunlight, the thallus protoplast 
segments into mnitinucleate ooenocysts. These, after a period of time that 
depends upon the cultural conditions, develop a red pigment. With moderate 
moisture, the cysts can develop directly into thalli; if submerged in water 
they will form gametes. 

It has been pointed out by Bold (1933) that it is difBeult to induce 
gamete-formation in very young plants, bat that those grown on agar for 
12-15 days invariably produce them when the thalli are submei’ged in urater. 
The protoplast becomes lesa vacuolate and more densely green and grannlar. 
The protoplast shrinks and the pyreuoids are obscured; the contour of the 
surface appears lobed and folded and the protoplast is divided into small 
segments by progressive cleavage. During these changes there is no nuclear 
division, but preceding the final division of the protoplast, one or two nuclear 
divisions take place. After this final biphrtition, the segments withdraw from 
each other, increase slightly in size and develop into gametes. Two equal 
flagella develop from a deeply staining granule, the blepharoplast, that 
appears between the plasma membrane and the nucleus. The pyreiioid may 
disappear during gametogenesis and be formed de novo after the gamete 
comes to rest 

When first liberated, the gametes may be globose, but they soon become 
spindle-shaped. A few attain the length of 11 p but the majority are between 
3 and 6 p in length. Both ends are colorless and ^minted. Newly formed 
gametes often have what appear to be pieces of protoplasm attached to the 
posterior end (figs. 1-3); these are gradually lost during motility. Some 
ha^e a hyaline droplet at the posterior end (fig. 4). A pyrenoid may or may 
or may not be present, but all the gametes possesses a red eyespot. The two 
flagella are about as long as the body. Gametes tend to collect near the edge 
of a drop and to become angular by mutual contact (fig. 14). They collect 
in a similar way .on solid media and the pole not in contact with the sub- 
steatum enlarges in a direction perpendicular to the surface of the medium. 

As the gametes siyim about, many b^ome attached to one another by the 
flagella and begin to fuse in pairs. The completely fused gametes may con- 
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tinue motile for some time and daring this period they exhibit the same 
phototactie and aerotactic responses as the anfosed gametes with which they 
intermingle at the edge of the drop. Stigmata and contractile vacuoles are 
present in double numbers when the sygotes come to rest, but they even¬ 
tually disappear. The zygotes form a thick wall and become star-shaped 
zygospores. When the zj’gospores are transferred from an old culture to 



Fig>. 1-3. BiagranuH of zoospores of Protosiphon Mith bits of protoplasm attached to 
the ptistenor end, Fio, 4. Diagruin <»f a zoospore with a hyaline droplet at the posterior 
end. Fig. 5. Graph to aho>^ cell size and growth of sacs from clones of different races of 
ProtosiphoH gro\in on 0.06 j)er cent Bristol’s solution solidified with 1.5 per cent agar. 
Ijeiigth of sacs from clone: 


8B2 without inulin 


5K3 ' ’ 

2m 

2F7 


t i 
»» 

y» 

♦ 1 


HB2 >\nth inulin 

^- 5Va 

♦_ 2.V6 “ 

-o— r>S3 ‘‘ 


fresh nuHlia, their contents swell and the thickening of the wall becomes 
lesM apparent as the cells increase in size. After the outline becomes more 
regular, growth is greater along one axis; the zj^gospore becomes sac-shaped 
and develops into a typical tliallus. 

Coenocysts arise by the centripetal growth of furrows that originate at 
the plasma membrane, and progress through the cytoplasm. Zoospore forma¬ 
tion in either red or green eoenocysts is asaentially the same as for the thalU. 
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These obserTstioiis mde by Bold (1983) were eonfirmed in the present 
investigation of the same race. 

Other Races. Two series of clonal cultures from the S, M, N, S and V 
races were set up under identical conditions for comparative study. The 
medium was modified Bristol’s solution. Six fiasks each with 35 ml. of liquid 
and six slants with the same medium solidified with 1.5 per cent agar were 
used for each clone. The same medium in both solid and liquid form, but with 
the addition of 0.5 per cent iunliu, was used for the second series. 

Data for the cultures grown on solid medium are summarized in table 3 
and figure 5. Table 4 summarizes data for cultures groum in liquid media. 

TABLE 3. CeU me in tionet from different races of Protostphon grown at a t> mptra- 
ture of 17° C, on 0.06 per cent Brulof’s solution solidified with 1.5 per cent agar. 


A. Without imiliii 


Clone 

Mean length of 100 sacs aftei 

6 days 

12 days 

18 days 

23 da> s 

8B2 

0.12 mm. 

O.H mm. 

0.5 mm. 

(^02 mm. 

SMS 

0.08 mm. 

0.13 mm. 

0.13 mm. 

0.14 Him. 


0.05 mm. 

0.08 mm. 

0.:13 mm. 

0.13 nim. 

m 

O.OS mm. 

0.24 mm. 

0.25 mm. 

0.37 mm. 

2V7 

0.10 mm. 

0.38 mm. 

0.40 mm. 

0.40 mm. 


B. With O.S per cent inubn 


SB2 

0.12 mm. 

0.35 mm. 

0.72 mm. 

g 

s 

! C 

1 

SMS 

0.09 mm. 

0.15 mm. 

0.15 mm. 

0.15 mm. 

2m 

0.08 mm. 

0.17 mm. 

0.22 mill. 

0.22 mm. 

ess 

0.11 mm. 

0.35 mnt. 

(Kd5 mm. 

0.35 mm. 

2r7 

0.21 mm. 

0.28 ram. 

0.31 mm. 

0.37 mm. 


The sacs from clone 8BS were longer than those from any of the other 
(dones. Sacs with a length of 0.72 mm. measured from 0.05 to 0.07 mm. at 
the widest part thus being from ten to fourteen times as long as their greatest 
diameter. From one-four!h to one-sixth of the length of the sacs contained 
chlorophyll and the remainder consisted of clear rhizoidal portion (fig. 6). 
Practically all of the sacs of clone 8B2 as well as those of all the other clones 
that were grown on inorganic medium contained coenocysts after 23 days, 
white many in the solutions with inulin were still in vegetative condition. 

Sacs from clone 5M3 (fig. 7) are always much shorter tljan those from 
the R race. The mean length of sacs from clone 5if3 was less than one-fonrth 
the mean length of those in 8B2. Some cells did not elongate but remaine<l 
spherical. When the plants are grown at a temperature above 19° (’, spher¬ 
ical cells are more numerous than they are at lower temperatures. Kesults 
with regard to comparative size of sacs were similar regardless of the medium 







TABLB 4, (Shromfh of eUmeg from different rocrB of ProtosipHpn in 0.0€ per e^fU 
BrUtoVe solution {liquid form) at a temperature of 17*^ 


A» As determiiLpd by volume of eeutrifugete 




pH 

Color 

intensity 

Volume eentri- 
fuged from 
one Hank 

Clone 

Medium 

At begin¬ 
ning of ex¬ 
periment 

At end 

»m 

0.06% B. 

6.8 

7.0 

1+ 

0.04 ec. 


0*06% B. 

+ inulin 

6.5 

7.0 

2 

0.05 cc. 

5M'd 

0.06% B, . 

6.8 

7.5 

1 

0.03 ce. 


0.06% B. 

-h inulin 

6.5 

7.4 

1 

0.03 ec. 

SAO 

0.06% B. 

6.8 

7.2 

1 

0.03 ec. 


0.06% B. 

+ inulin 

6.5 

7.2 

1+ 

0.03 cc. 

6SZ 

0.06% B. 

6.8 

7.4 

1 

0.03 cc. 


0.06% B. 

■h inulin 

6.5 

7.4 

1 + 

0,03 ce. 

2r7 

1 0,06% B. 

6.8 

7,4 

1 

0.01- cc. 


0.06% B. 

+ inulin 

6.5 

7.4 

1 

0.02 ce. 


B, A« dotvriiiiued microscopically 


none 

Medium 

OI>JK‘i vatiojiH 

8f;2 

0.06% B. 

The sacs were nearly all in vegetative condition. Many 
cells were spherical and many were thin sacs 0.75 mm. 
long. Gametes were present, also a few zygotes. 

j 

0.06% B. 

Vegetative sacs were 0.6 mm, long. Gametes were pres- 


4 inulin 

ent but no zygotes were observed. 

55/,l 

0.06% B. 

Most cells uere spherical. Gametes and a few zygotes 
with four to six points were observed. 


0.(16% B. 

As in the culture without inulin, cells were spherical, 


4 inulin 

but there were fewer zygotes. 

2.V6 

0.06% B. 

Many single eoeiiocysts were present. Zygotes were not 
numerous. Most of them had four or 6ve points. 


0.06% B. 

Most of the cells were small and contained single 


inulin 

coenoeysta. Zygotes were less numerous than in inorganic 
medium. 

as,i 

(»,06% B. 

Most of the cells w*ere snuill and contained single 
coeiiocysts, A few sacs were 0.25 mm. long, a very few 
zygott‘8 were prestuit. 


0.06% B. 

Kacs 0.35 mm. long in vegetative condition fairly nu¬ 


4 inuUii 

merous. Home spherical cells in vegetative condition and 
with a diameter of 0.1 mm. Some zygotes with four, five 
and more iwhits. 

2r: 

0.06% B. 

Masses of zygotes with four, five or more points. There 
were few* vegetative cells and this seems to account for 
the relntivel^v small amount of centrifuged xnateriat 


0.06% B. 

Zygotes extremely numerous, with four, five and eight 
points and a di^ieter of 5 to 10 microns (fig. 17)* 
One sac filled with zvgotes was found in thih culture 


4* inulin 


. 

(»g. IB). 


* al the begumiug of this experiment was determined colorimetrieally^ the deter> 
minatxoti at the end was made by use of a glass electrode* 













Photomierographs of Pr^fosiphon, taken with a Leit* '*Maoca** camera. Figs. 6-8 
aikd 10-ia X100. Fig. 9 x 50, l^a. 14, 15, 17 x 676. Fig. 16 x 440. Tlie thalli were grown 
on 0.06 per cent Briator« aolution at a temperature of 16®-19^ C. Fio. 6. Sacs from 
clone 8J51 grown for two weeks on medium solidified with 1 per cent agar. Fia. 7, Sacs 
0.13 mm, lo^ from clone 5Jf% grown 18 days on medium with 1.5 per cent agar. Fio. 
8. Sacs jfrom clone 53f3 with eoOnoi^ysts (from the same culture aasacs shown in figure 7) 
after 23 days. Fio. 9. Sacs 0.55-0.60 mm, long from 2^6 grown four weeks with 0,25 
per cent glucose and 1 per cent agar. Fio. 10. Sacs from clone 683 grown for 12 days 
on medium solidified with 1.5 per cept agar. Fm. 11. Saeii from the same culture (683) 
as those shown in figure 10 after 18 days growth. Fio. 12. Sacs from 2F7 grown for 18 
dpys an medium solidified with 14 per cent agar. The sac in the center of the figure is 
041 liim, long and 0.16 man in diameter. Fio. 13. Sue with buds from 2r7 after 21 days. 
Fro. 14. Living swarmers from done SlfB produced when plants were immersed in 0.06 
per cent BristoPs solution. Note the proMuent eyespot.. Fro* 16. Swarmers from 2N0 
stetned iodine. the darldy staihiiig inclusions. Fro. 16, A sae with zygotes 
froip of fiF?growing 31 days in 0.06 per cent Bristol's solution (liquid). Fio^ 

|T, ^goles of various shapes and sizes centrifuged ftwfi the suiam culture of 2r7 as the 
smi #^ Igure m 
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used. I^&cs from 7B2 were more than six times ss long as tliose from 5M$ 
after cultures from both clones had grown for 25 days on 0.06 per eent 
Pringsbeim’s solution solidified with 1 per cent agar. The addition of iuulin 
did not make a significant difference in the length of sacs from 5Jf3 as it 
did in the ease of 6B2 (table S). In mature sacs of 5itf3, coenoeysts 40^ in 
diameter occupied most of the cell lumen (fig. 8). 

Cultures of 2Ar6, on inorganic medium, resembled those of 5MB. After 
six days most of the cells were spherical. Bingle coenoeysts or sacs contain- 
,iug one or two coenoeysts were numerous after 12 days. After 18 days, most 
of the sacs contained coenoeysts measuring from 25 to 28 p in diameter. 
With 0.5 per eent inulin, sacs from clone 2N6 were nearly twice as long after 
18 days as they were in inorganic medium. The effect of the addition of car¬ 
bohydrate to medium used for the growth of this clone was marked in a 
culture that was grown for four weeks on 0.06 per cent Bristol’s solution 
with 0.25 per cent glucose solidified with 1 per eent agar (fig 9). The mean 
length of 1(X) sacs in the culture with glucose was 0.42 mm. Approximately, 
half the length of the larger sacs was chlorophyll-bearing. The greatest 
diameter was from one-third to two-thirds of the length. Many spheres 0.12 
mm. in diameter and some larger ones up to 0.3 mm in diameter were pres¬ 
ent. 

(.’lone Oa*?;} ju'odiiccd broad sacs (fig. 10) that did not grow as long as 
those from clone 8B2. Those in inulin had already reached their greatest 
elongation after 12 days. Those in inorganic medium grew' more slowly but 
the mean length after 23 days was slightly greater than for those with inulin. 
After 18 days, most of the sacs in both series of cjiltnres contained coenoeysts. 
Moat of the coenoeysts liad a diameter of 30 p (fig. 11). 

Sacs of clone 2V7 had a diameter that was from one-fifth to one-half 
their length (fig. 12). The distingniahiug characteristic of this culture is the 
peculiar budding from the top and sides of the cells that became very notice¬ 
able after the plants were growing three weeks. This appearance has been 
observed in other cultures of this race but it has not been seen in cultures 
from other races. The buds (fig. 13) did not separate completely from the 
mother cell, but each one formed a group of coenoeysts that was not in con¬ 
tact with the gi'oufts formed in other buds of the same plant or with the 
group in the mother plant. Coeneysts in this culture varied in diameter from 
20 to 40 p. 

The ■various races exhibit differences in the readiness with which they 
form gametes and in the structure of the gametes (table 5). A number of 
attempts to indiwe gamete formation by the ilf race showed that very few 
gametes were produced when the plants were immersed in liquid and kept 
at room temperature. Plants seventeen da,vs old were immerseti in 0.06 per 
cent BristoPs solution and kept under observation for three days without 
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soy evidence of gamete formation. Plants from the B nme iounented in the 
same liquid and kept under the same conditions produeOd many gametes; 
some gametes could al-ways be obtained irhen plants in suitable condition 
■vrere immersed’ in liquid and exposed to a temperature of 25“-29“ 0 for 
4-6 hours, ruder any conditions, hovever, gametes were never produced as 
rapidly from plants of the M race as from those of the B race. 

Gametes illustrated in figure 14 were obtained when plants of clone 5Mli 
inn submerged in 0.06 per cent Bristol’s solution with the 'addition of I 
per cmtt sucrose. Six hours later many gametes were already conjugating- 
The prominent eyespot that distinguishes gametes of this race can be seen 


TABUS 3. Svmmar)i of data eoneeming gametes from AifferetU clones of Protosiphon 
botrpoides. 


Cloni? 

Length of 
gametes 

Presence 

of 

stigma 

1 

Presence 

of 

pyrenoid 

Time rt*- 
<]uired for 
gamete pro- 
dtiction j 
under same 
conditlous 

r.- . -1 

Zygotes 



+ 

4-,-* 

4-4) hrs. 

Produced readily. Zygotes with 
5-0 points. 

5Jf3 1 

1 

i 

+ 

(Very . 
promi¬ 
nent) 

j 

4-0 hrs. 

Oamefes produced slowly and 
rygotes less numerous than in 
clones froth race /J. Zygotes 
with 4-6 points. 

2.va 

12^13 >4 

+ 

-f,- 

! 4-0 hrs. 

Produced fairly readily with 4- 
5 or more points. 

iro 

3-15 |i 


T, - 

4-6 brs. 

Produced more readily than in 
any other race. 4-8 points. 


* +, — Prewnt in aome but not in others. 


in the figure. The gametes varied in length from 7 to 17 g; individuals that 
measured 15 g in length appeared to be most numerous. No relation between 
size and ability to copulate could be seen. Individuals of the same size aud 
pairs of gametes differing greatly' in length could be seen in all stages of 
copulation. No pyrenoids were observed when gametes of the ilf race either 
from organic or inorganic medium were staiuetl with itKiine. 

Gametes were numerous five hours after plants from clone 2N6 29 days 
old were transferred either to water or to 0.06 per cent Bristol’s solution 
in depression slides. They were more numerous in depression slides kept at 
29° 0 for one and one-half hours than they were in slides kept at 22.5° 0. 
A numbei^ of deeply staining inclusions appeared when these cells were 
Stained with iodine (fig. 15). Some gametes clone liV'l that were pro- 
dttqed when plants were siibmerged in 0.06 per cent Bristol’s solution showed 
a py’Benoid when the cells w’ei'e stained with iodine and others did not. 

Gametes were prodneed five hours after plants from clone 653 were tran>- 
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feired to water in depression slides at a temperature of 22° C. They were 
much more numerous wheu the slides were kept at 29° C for one and one- 
half hours at 27° € for four hours. Zyjrotes were more numerous around the 
etUms of the slides that were subjected to heat than they were in slides that 
were kept at a lower temperature. The length of the gametes varied from 7 
to 13 p. Staining with iodine revealed the presence of a pyrenoid in some 
cells but not in others. 

Gametes were produced very readily wheu plants from clone 1V6 were 
transferred to 0.06 per cent Bristol’s solution and kept at 22° C. Gametes 
15 p in length were numerous, but .some measured only 5 p. Masses of zygote-, 
were present on these slides after 24 hours. 

These data indicate that various races of Protosiphon occur in nature 
which differ from each other in morphological and physiological details when 
cultivated under uniform environmental conditions. 

Biological Laboratory. Fordham rNivEBsiTT 
New York 
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Short Articles and Notes 

Tinian Plants Collected by R. S« Cowan. Pacific Plant Studies No. 5.^ 

While serving in the artned forces of the United States, Kiehard Sumner Cowan was 
able to eoileet a few plants on Tinian, Mariannas Islands, even though enemy snipers 
T^ere still active. These speeimcns are now deposited in the Bishop Museum, Hono¬ 
lulu. The following are noteworthy additions to the flora of Micfbnesia. 

POLYPODUCKAB 

CvciiOPHORiTS LANCEOijkTUs (L.) Alst. (C. adnmfcem Desv.), epiphytic on trees, 
March 28,1945. New to Tinian. 

BOPKOSBUrEAK 

Jatropha GoasmpoLiA L., shrubby, diy*^ cliff, April 10, 1945. New to Micronesia. 
This species was introduced from South America and was evidently cuHivated or an 
escape from cultivation. It also now occurs in the Philippines and the Marquesas. 

VERBENACBAB 

Gallicakpa CANA L., dry beach, April 3, 1945. New to Tinian.—H arold St. John. 

New and Interesting Plant Records. The European masterwort, Impera- 
toria oatndhinm L., is rworded in current manuals as being established in New York, 
Pennsylvania, Michigan, and Newfoundland. On June 9, 1946, a large stand of thi^ 
plant, about half an acre in extent, was found in fields at 8t*otch Plains, Union 
County, New Jersey, H. N, Moldenke 1828s, 

The large yellow-flowered Europt^an vetch, Victa gruudtflora var. ffordidn Griseb, 
has been found by Harry Ahles in an orchard and along margins of woods, com 
pletely naturalized, at Bedford, Westchester County, New York, The determination 
has been checked by Dr. P. L. Ricker. 

The same collector has recently found Pfrsicuria eowcMfosa (Sehrank) Bicknell, 
a species with the lower leaf-surfaces densely pubescent, in ashes along a railroad 
track at Pelham Bay Park, Bronx County, New York, June 7, 194^ H. Ahlet^ SSL 

In TofttiBY 41: 192-198 (1941) I reviewed the history and occurrence of Per»i* 
canu UngUeta (De Bruyn) Moldepke in America from the date of its introduction 
in 1910 to 1941. Since the writing of that paper this species has bt»en found in several 
additional localities t October 14,1941—^in waste ground, forming large colonies, very 
Aohry, New York Bf>tanical Garden, Bronx Park, Bronx County, New York, JGT, N. 
MSitmkB il892; September 8, 19^i—abundant in waste lots, Englewood, Bergen 

% This IS the fifth of a series of papers designed to present descriptions, revisions, or 
rseorda of Pacific island plants. The preceding papers were publi^d as Dec. Pap. Bishop 
Mns* 17(7),^1942; 17(18), 1943; 18(5), 1945; Am. Fern Jowr. 86: 87-89. 1946. 
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County, Now Jersey, II, N. MoJdenhe 138H7(kioh^r 30, 1044—along the Bronx 
River Parkway near 229th Street, Bronx, Bronx County, New York, collected by 
Alma L, Moldenke, H, N, Moldenke 17063; September 8, 1945—in waate ground, 
Watchung, Somerset County, New Jersey, H, N, Mfddenk/* 27996; October 20,1945— 
weed in gardens, Arden, New Castle County, Delaware, collected by Morris Berd, 
E, N, Moldenke 1S232; and Juno 9,1946—weed in cultivated ground. North Bergen, 
Hudson County, New Jersey, B, N- Moldenke 1S287. 

Mu-fas reptans N, 1), Br. w'as found as a w^eed in lawns near Arden, New^ Castle 
County, Delaware, June 1, 1946, H, N, Moldenke 13269, dot. by V, W. Pennell. 

r eronica perniea Poir. has be<‘n found as a very common weed in lawns and culti¬ 
vated ground at North Warren and Sheffield, Warren County, Pennsylvania, E, N, 
Moldenke 17190, 17191,17339 (efr. Am. Midi. Nat. 36 : 376.1046]. On June 1,1946, 
it was again found, this time in lawns at Arden, New ('astle County, Delaware, E, N, 
Moldenke 18270, d(*t. P. W. Pennell. 

Eartmannia apeeiom (Nutt.) Small has b(M»n found oeeasionally as a waif in the 
eastern state's in recent years. On June 15, 1946, it was found by Morris Berd at 
Arden, New Castle County, Delaware, growing as a weed in a garden, fonning a 
small colony and apparently spreading IE, N. Moldenke 1^299), 

Akehk quifMfo Decaisiie was found in a thicket along a roadside near Cuniwall, 
Orange (\iunty, New Ytirk, on May 6, 1946 (E, N, Moldenke 18235), The vines 
formed a very <lense growth, completely covering the ground, smothering out all 
herbaceous vegetation, and covering all the shrubs and trees to a height of about 15 
feel. 

Hhapluumirum inoemm \ar, olbnm Corbiere wa^ collected by H, Ahles on June 
17, 1945, along the saltwater inlet near Bridge Road, Pelham Bay Pjui’k, Bron:. 
County, New York (//. A’. Moldenke 1^295). Its pure white flow’ers renilered it quite 
conspicuous among plants of the normal form. The collector states that both forms 
were ohsened in several other near-by localities, the white form sometimes quite 
abundant. 

Cmtaurea ntgro var. nuUoin P. DC. In the current edition of Gray^s ‘‘ManuaF’ 
(1908), page 801, this variety is recorded from “N. S. to Ont. and Pa.’^ On July 10, 
1946,1 found it growing altmg a waste roadsidi* by a vacant lot in the northeni part 
of the Bronx, Bronx County, New York (H, N, Moldenke 18353), —^Habold N. 
Moldenke. 

Another Station for Lactuca stolonifcra. In Rhodom 44: 18.1942, Mr. E. 
J, Alexander reported the occurrence of the northeastern Asiatic Laetnea stolonifera 
(A. Gray) Maxim, as a wwd in lawns at Flushing, QmHms Co., New York, collected 
by Mrs. Ralph Bloddard. As a footnote to the same article the editors reported the 
same species as a ‘‘pesC^ in gardens at Media, Delaware Co., Pennsylvania, collected 
by Mrs. S. P. Williams. On a recent field trip of the TotTey Botanical Club LaHuca 
stolonifera was found in considerable abundance as a weed in gardens and garden 
pathways and lawns at Arden, New Castle Co., Delaw’are. Bpeeimens {H, N, Moldenke 
16239) are being deposited in leading herbam.-^llAaoLU N. Moldenke, 
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Fmu> Trip Eeports 

May 4. Wix*3:x)WBBooK Park, Btatek Island. A total list of over forty species was 
coittpiled in the course of this study. In addition to those promised in the Beld schedule, 
Ranuikmlus Fiearia was an unusual plant seen in some abundance. A drive to the vicinity 
of Moravian Cemetory added many plants assoeiathd with the serjjentine area then*. 
Leader, Mr. L. A. Ellison, Attendance, 6. 

Mat 4. Bowuans Hill WiLDFLOwna Preserve, New JHope, Pa. The wild flowers and 
ferns of Pennsylvania have been brought together in this preserve with remarkable suc¬ 
cess. In spite of the rain much was learned about the plants and the problems of propa¬ 
gating them under these conditions. Tins was a joint outing with the Academy of Natural 
Sciences of Philadelphia. Leaders, Edgar T. Wherry and Louts E. Hand. Attendance, 
about 50 including 9 Torrey members and guests. 

May 5. Brooklyn Botanic Garden. There were many interesting features to be seen 
at this season. We regret that only one inemlier topk time to see them. Our thanks to Mr. 
Charles Doney just the same. 

May 5. Watchung Reservation", Union Cocnty, N. J. This was the second annua! 
nature conference held in this area. A rainy morning kejjt some easily di<icouraged people 
from joining the survey walks conducted by the able leaders: Ralph Carver, Mrs. Tollisoii, 
David Fables, George Johnson, Guy Nearing, and A. T. Beals, After lunch at the Mummm, 
reports were called for and commented upon by Dr. Richard Weaver. The usual educa¬ 
tional displays at Trailside Museum were given much attention by visitors. General loader, 
James Hawley. Attendance on walks over 50, at the Museum estimated 500. 

May 5. West Park, N. Y. A visit to “ Blabsides, ” the rustic cabin where John 
Burroughs spent much time writing, entertaiulng friends and studying nature lore. The 
cabin Is situated in the midst of a mixed forest of hemlock, birch, lM?t*ch, and butternut 
and has not been disturbed since Burroughs ^ time. 

Due to the rain the group was allowed to eat their lunch inside the cabin and observe 
at first hand the many evidences that Burroughs had a hobby of picking up odd*sha))ed 
growths to be utilized in making his cabin comfortable and attractive. We saw bark- 
covered yellow birch logs used as partitions betwetm the rooms and for the headboards 
of the beds; a table supported by a sumach tripod; a piece of (*>"j)ress wood that he had 
dug up and used as a decorative piece over the doorway; odd shaped roots used for coat 
hangers; a log, strangled by bittersweet, used as a port of the structure over the fire 
]>lace and other hand-made articles. 

The sun came out in the easly afteniDon permitting short trips in the forest adjacent 
to the cabin to see, among other things, the cave where Mr. Burroughs kept his food and 
Avhere the phoebe, aliout which he wrote, built its nest year after year. Tnsiiectiou of the 
plants along the trail to the spring ]»rodueed yellow birch (Betula lulea), striped maple 
(Acer peitnsylvanieun) j red-berried elder (Samhneue racemma)y sickle-pod (Arabis cana- 
densit), early blue violet (Viola palmaia) and tlie rarer long-spurred violet (V, roHiraia), 
the latter forming large mats along the trail. Other blooming plants were sweet white 
violet (Viola hlanda)^ early sa^cifrage (Aaxifraga v^rginienak)y crinkle-root (J>entaria 
diphglla), lyre-leaved rock cress (Arabk tprala), blue cohosh (Caulophyllum thalic- 
troide^), and columbine (Aquilegia eanadennift). 

After informal talks by Mr. Julius Burroughs, son of John Burroughs, and Mrs. 
KeUy, daughter of Julian Burroughs, the group was invited to go to West Park to see 
**Rivjprby'^ and the ‘' Bark-covered Study. John Burroughs named the stone house, 
which he built when he returned from Washington, D. C. following the Civil War, 
**Biverby'' because it overlooks the Hudson River, Sometime later he built the ^^Bark 
eovered Study' * on the same property but a little nearer the river where he could escape 
visitora and concentrate on his writing. After this place became too popular he retreated 
into the forest and built * Slabsides' ^ which is about a mile from his home on the Hudson. 
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Following the visit to the ^'Biverby’' estate the people who wanted to do some 
more botanisiug and birding were taken on further walk# by the leaders: Harold N. 
Moldenke and Farida A. Wiley. Attendance 46, 

May 11-32. Oamp Thendara, Pausadks Intkrstatr Park^ N. Y. Althongh the 
weather was not at its best^ this trip was profitable and pleasant as always. Dr. Johnson 
reported a bird list of over 70 species for the two days, comparing favorably with those 
of recent years. The botanical survey of the Appalachian Trail was pushed from I<ake 
Tiorati traffic circle to the fire break road east of Black Mountain. Along the dry ridge, 
the flora was neither extensive nor varied. A moist place at the start increased the list of 
plants. It was violet season. More impressive to some were the fine views from Black 
Mountain. Leader and hostess, Mrs. J^aura W, Abbott. Botanist, I^niis F. Hand. Atten¬ 
dance 42. 

May 11-12. Arden, Delaware. All of the interesting things promised in the field 
schedule were produced ranging from natural plant communities to the beautiful gardens 
of Mr. Harry duPont. Excursions wore conducted on boUi days and a long list of native, 
naturalized, introduced, and exotic species was compiled. Leaders, Mr. and Mrs. Morris 
Berd and Dr. H. N. Moldenke. Attendance: Saturday 10, Sunday 12. 

May 12, Woodlands Lake, WESTonESTER ('oi nty, N. Y. A circuit was made around 
the lake and south to Nepera Park in spite of the rain. Flowers were plentiful though 
for the most part not unusual. The rare find was the northern thymeJeaved speedwell 
(Veronira hvmifujtra Dickson) on the east side of Woodlands Xjake, usually reported only 
from northern portions of the state. V. Chamarilrifx L. was also w^en in the woodlands. 
Thirty-three s^MJcies of birds were listed. lA*ader, William Bissanen. Attendance 5. 

May 17-19. Bhanchville Nature Conperknof at Cvlyers Lake, N. J. Under the 
joint management of Mr. Wallace M. Husk and Mr. James Hawley of the Summit Nature 
(lub, we returned to Oulvers Lake for a very successful natur(' conference. The lecture 
Friday evening given by Dr. Meredith Johnson, Btate Geologist, on *^Ncw Jersey 
Natural Bosources. Dr. Johnson took a large group afield on Saturday morning for a 
study of various rock exposures west of Kittatiny Ridge: Wisconsin glacial drift, 
Onondaga limestone, Esopus grit, Oriskany limestone, High Falls formation, and Murtins- 
burg formation, David Fables led bird walks mornings, forenoons, and aiftemoons. He 
gave an illustrated talk featuring bird calls on Saturday evening. Hassler likewise 

was afield at all hours. He filled innumerable vivaria with reptiles and amphibia of the 
urea, displaying nearly all of the forms to lx* expwted hereabouts. Mr. Hassler gave an 
evening lecture illustrated with a l>eautiftil movie in kodachrome which he bad made with 
the cooperation of very able and obliging actors. Mildred Bulison led groups for fiower- 
iug plants in different sorts of places while Mr. Herl)ert Dole scored the ferns. There was 
an interesting session on insects after lunch on Saturday and another after breakfast on 
Sunday. Ixjuis K. Hand and John A. Small led three walks on the Appalachian Trail. 
These groups attempted to list all plants to he seen by hikers along these portions of the 
Trail, a list of over liiO species being compiled. The Appalachian Trail lecture was given 
Saturday evening with kodachrome stills of interesting spots lH*twec*n Mt. Katah^ in 
Maine and Mt. Oglethorpe 2950 miles away in Georgia, supplied through the courtesy of 
the Appalachian Trail Gonference, 1916 Sunderland Place, N. W., Washington 6, D. 0. 

Eighty-three were registered for the whole conference while about 20 others partici¬ 
pated to a lesser extent. An incomplete list of clubs represented includes: Mountain Club 
of Maryland, Palmerton (Pa.) Bird Oluli, Pliiladolphia Botanical Club, Watchung Nature 
Club, Garden Clubs of N. J., Westfield Bird Club, Union County (,N. J.) Park Oom- 
missiotii Newark Museum Nature Club, Clifitham Nature Club, Summit Nature C3nb, 
Audubon Society, and Linnean Society, but we should have es|iecially liked to hear the 
report made by the representative (»f the Gourmet Society. 

Our thanks to nil the leaders, to Mr. and Mrs. Warburg and staff of Halter© Hotel, 
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itieludlag Our frlezids Hr. Hm Haltere^ and to Mobsih. Hawley and Husk who 
apparently never slept. 

May 18. StLV®& I*A»n!^ WlsstCHisTim County, N, Y. Tlds rich woodland area iias 
been reported other years. Species attracting most attention were dwarf ginseng, blue 
cobosh, white banebcrry, wild ginger, early blue violet, yellow violet {V, bustatu), bulbous 
cress, and the many other woodland species. Sixty birds were seen or heard. Leader, 
Farida A. Wiley. Attendance 8. 

May 85-26. Fine BAaaENS Canoe Voyaoe, N. J. The group assc*mbled at Forked 
JUver and took a Saturday afternoon walk around the three lakes on the Tipper Fork, 
renewing acquaintance with the usual pine barrens plants. The beauty of the pitcher 
plant in full anthesis was most outstanding. Pine barrens heather was in flower. The 
earliest bladderworts and pipeworts brightened the bogs. Dinner at Greyhound Hotel can 
be appreciated only by those participating. 

Driving to Lake Oswego Sunday nioining we traversc’d the tall pine oak forest, the 
plaius, and skirted a cranberry bog. An obliging (to the photographer) pine snake and 
less obliging fence lizards were seen. Canoes were put in the Oswego just l>elow the dam 
in Penn Forest. The cruise of neatly three hours to upper Martha bog and an hour and 
a half on to Harrissa after lunch was called pleasant by all. Kach canoe crew had its own 
opportunity to recognize the plants as we glided along on the current, sometimes pausing 
to compare notes and other times pausing with problems of navigation. No composite 
list was made but this was the season for dangleberr^ itnd fetterhush, with now and then 
magnolia in flower. Several bogs, passed up in the uncertainty jibout time, invite us to 
a more leisurel) return. Curly grass fern and Conrad *8 crowlierry were produced for those' 
desiring to sec these plants. Leaders, Louis F. Hand and John A. Small. Attendance 16. 

May 26. Sprinodale, N. J. for limestone inhabiting plants. *‘We didn’t see any¬ 
thing very remarkable but the flora in that district is always interesting.” Ix*ador, G. G. 
Nearing. Attendance 9. 

May 26. Watchung Keservation, X^nion County, N, J. The second oimiml open 
house for hikers found some dozen or more clubs represented. Hikes were offered in the 
Keservation for various objectives including the flora of the various habitats represented. 
Leaders, Mildred Kulison and James Hawley. There was a large attendance but no count 
of hikers or Torrey members is at hand. 

May 30. Morristown, N. J. Due to failure in connecting, this trip Avent off in two 
sections. The more interesting one was to the Great Swamp where the niatricary grapi' 
fern and a rare lichen (PleuMium subtilahm) rewarded the group in addition to an 
abundance of Vtola lanceolata and V. pruntfolta. The estranged group took in all the 
features of the Morristown National Historical Park, including the nature trail and the 
old-fashioned garden at Tempe^Wick’s house. J.»eader, Lois Wonraan. Attendance 14. 

June 1. Bouthbrn Portion or Staten Island. Although it proved too early for 
seeing lotuB in flower a number of other things of interest were found. Mr. Napier sub 
stituted for Mr. L. A. Ellison as leader. Attendance 8 

JpNE 3. Atlantic Beach, Long Iblano. This outing as guests of the Department 
of Natural History of Brooklyn Institute was devoted primarily to marine invertebrates 
of which some 31 sj)ecies were seen. Several spt'cies of marine algae were r<*corded. **This 
place is a new sandbar with rapidly shifting populations, this year for the first time the 
dunes are overrun with ragwort (Seneeio asrcMS).” Leader, Grace Peterson. Atten¬ 
dance 40. 

J ONE 2. It rained too much for trail clearing so the annoimced leader failed to go 
but yob cannot min out some botanists. CMonia ^ndana was found on the Appalachian 
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Trail where it follows FlatbrookTille road. This is the only known eollection of the speeies 
on the Trail except one at High Point. Leader, G. G. Nearing. Attendanee 3. 

JVKE 9. WABIIlNGTOUr VALbKY AND WATOHUNG MOtlOTAINS NEAR PLAmFI«U», N, J. 
This walk through Wetumpka Notch included geology, ecological aspects, and various 
floral aspects along the way. A species list for this part of N. J. has been published by 
the leader as, ^ < Observed Jlora of the Vicinity of Watchung, N. J. ’ ^ Leader, Harold N. 
Moldenke. Attendance 32. 


June 15-16. Lake Shehawkin, Wayne County, Pa. ^ ^ Everybody was enthusiastic 
and enjoyed the pleasure of new fields and woods,” Leader, W. L. Dix. Attendance 32. 

June 15. The Children's Garden, Brooklyn Botanic Garden, ”These Torrey 
members were a pleasure to have for they were pretty enthusiastic about what they saw— 
the out-of-door laboratory with about 200 youngsters under foot but all having a good 
time,'' Leaders, Prances Miner and Barbara Bhaiucha. Attendance 5, 

Junk 16, Kissena Park, Queens, N. Y. ‘*We followed the list of the Brooklyn 
Botanic Garden Leaflet of l>ec. 1930 entitled, ^The Rare Trees and Hhrubs of Kissena 
Park, Flushing, L. 1., N. Y.' and found most of the trees mentioned. Borne seem to have 
disappeared and the paths have been changed somewhat by the W.P.A. .The sw^amp 
adjacent is being filled in and we had hopes of finding specimens there but not any more. 
After Kissena Park, wv went to st^e that giant weeping beech about u mile or ho away 
and found it doing well.” Leader, William Bissanen. Attendance 12. 

June 23. Hakkell, N, J. There were thirteen on this trip and it appears that four of 
them wen* kept biwy finding trails, identifying 8jK*ciine!is, answering questions generally, 
and poiiithig out things of interest. No wonder the trip was called successful. Our thanks 
also to the North .lersey District Water Supply Commission for their permission to cross 
normally restricted property. Ijeaders, Albert and Vivian Kehatz. 

Jl’Nl! 23. IIOPEW'ELL ViLlAOE AND FALLH OF FRENCH CREEK, ('HESTER Co.. Pa. Joint 
trip ns giu^sts of the Academy of Bi'iences of Philadelphia. Several stops were made for 
interesting studies of bird life, geology and minerals. Three botanical forays were made, 
Conophohit americana^ Ltpans IttvfoUa, Ptfrola amrrwana^ Srutellana pifosa^ Dryopteria 
Bootti^ and Vryoptimt Slos,^onaf {~^D, marpinah^ < J>. crvtfafa) wvre among the features 
reported. Twro fern students listed 21 species in the eourw of the trip. Of something over 
10b participating, 4 were recognized from the Torrey Club. Leader, for T.B.C., 
Louis Hand. 

June 30, Van Cortlandt Park and Westchester Co., for general nature explora¬ 
tion. Plants, butterflies, and even a box turtle came up for consideration. Leader, Eleanor 
Friend, attendance 11. 

July 6. Great Hwamp, Morris Cox nty, N, J. Various areas were traversed the most 
exciting plant discovenni was vulgaivm. Leader, G. G. Nearing. At¬ 

tendance 9. 

July 7. Bordentown, N, J. Beveral remarkable specimens of w'oody plants yrere ob¬ 
served at the Bonapart Estate and at the farm of the late Cliarles Conrad Abbott, l^eader, 
Mr. Charles R. Moorhead, Attendance 10. 

JubY 13. West Orange, N. J., to visit fern garden. ‘*The ferns were in flno con- 
dition except for some of the taller ones that had been broken during a recent thunder 
storm. One each of every siHH*ies and variety had t)een tagged with markers for the benefit 
of those unfamiliar with fern names; Imth botanical and common names being given. 
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Tkejtdi i¥erf 80 of the > • « Several new verietiee Ioto been added to the «ob 

lection, inehiding a fine epeeimen of ^oljfp&dium wrpinian%m t, eambru^id^m, and J>fyi>p* 
t 0 ir 40 ▼ar. cOncordiana. hendpt, W. H, Attendance, 20* 

JuiiT HlueunK, K. J, A good etand of AUwm trieoeeum was fonnd * < whieh though 
cNammon enough, ie not alwaye found in dower . , . X believe we found a good apeehmen 
of Bpp^iftflon pmeiatvm on an old Bbagbarh Hiehory.’^ Iioader, William Bisaanea, At- 
tendanee, 20. 

JVLT 27. Waed *& Point, Statbn Isiakd. ‘ ‘ Besides the more -usual things for the 
locality, we found Alli&nia nyefaginea which seems to persist from year to year. It was 
interesting to And a thriving colony of Tripmoum daetploides. This grass is found at 
several places on Staten Island but I have never seen it near the point. Perhaps this is a 
new record for tlie locality.” header, Cliarles Ericson. Attendance, 14. 

Jolt 28. Prbakness Hills for lichens and fungi. ” Nothing unusual except that 
SUreocaulon pileatum, a supposedly rare species which wo have previously found very 
plentiful on Beech Mountain nearby, was found also on High Mountain.” Leader, 0. 0. 
Nearing. Attendance, 19. 

Aooost 11. Seelbt^r NoTt’H, N. J. A study of the general flora and ecology of the 
region. Leader, H. N. Moldenke. Attendance, 33. 

August 18. TJfpek Greenwood Lake, N. J. Additional work on the botanical survey 
of the Appalachian Trail. Over 320 species were recorded. Worked east from Brady Bond 
but did not roach Surprise Lake. Fungi were plentiful and varied. Leader, G. G. Nearing. 
Attendance, 8. 


News Xotep; 

Members of the Club interested in deld work wilt be glad to learn that l>r. William M. 
Harlow, of the New York State College of Forestry at Byraeuse, has published a ” Fruit 
Key to Northeastern Trees.” This is a small booldet of 50 pages and 129 small photo 
graphs illustrating most of the species treated, besides other illustrations in the Intro¬ 
duction. It is a companion volume to the author’s ”Twig Key to the Deciduous Woody 
Plants of Eastern North America.” 

The American Optical Company has re<*eiitly announced a new development called the 
phase microscope which facilitates the obsen’ation of transparent material. The e<|ui]> 
ment necessary to transform an ordinary liglit microscope into a ))huse microscope consists 
of a diaphragm, which produces a hollow cone of light, and a new ditfraetion plate placed 
within the objective lens system. The diffraction plnte changes the light in such a way that 
details in a transparent specimen can be observed. Mmiy materials are so transparent that 
nothing can be seen with a re^lar microscope, yet their internal structures usually do 
have differences in optical path which alter the phase of light passing through them. Th(» 
Invisible phase differences of the ligiit are conveHed into illumination differences to w'bich 
the eye is sensitive. Any regions witliin the speemen of different optical path can l>e made 
bright on a dark background or dark on a light background, depending on the kind of 
diffraction plate used. The phase microscope will make possible the study of transparent 
Hving organisms without the use of stains. It can also be used to study emulsions, glass 
and plastic transparent surfaces, minerals, crystals, synthetic fibers, and otber materials. 
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Abbott^ !• A. The gotius Gn/ftthsh (Rhodophyceae) in Hawaii. Farlowia 2; 
43^-453. pL J1 16] 1946, 

Alain, Bermano, Notaa taxonomicas y oeolo^icas sobre la flora de l»ln de Pinos. 
Cnntir. Ocas, Mus. Hist. Nat. Ool. U'8alle'» 

/. 1-^. 1946. 

Allard* K. A, Borne plants found in Tucker County during the summer of 1945 
new to or rare in West Virginia. Oastanea 11: 67^ 58. Je 1946. 

Amahoff, O, X H. The grasses of the Hutch West Indian Islands. Kolon. Inst, 
Amst. Meded. No. 59. Afd. Handelsmus. 25: l-*64. 1942. 

Balme, J, Laelias Moxicanas. Bol. Boe. Bot. Mex. 4: 2-9. My 1946. 

Bameby, B, C. An alien AMragalus in Washington. i»eafl. W. Bot. 4: 279, 
280. 28 A u 1946. 

Bay, jr. 0. Sequoia and Wanhingtonia in history and bibliography. Quart. 

Bull. Northwestern Univ. Med. School, Chicago. 20: [ 13-171] 1946. 
BlosMiiilBt, H. L. B Hamm, H. J. Borne marine algae new to Beaufort, North 
Carolina. Jour. Elisha Mitchell Boc. 62: 1-8. pL I-\t. /. J. .te (Auj 1946. 
Boeke, J. B. On quantitative statistical methods in taxonomy: suMiiHision of 
a polymorphous species: PlanchomUa ttandivietnm» (dray) Pierre. Blumen 
6: 47-65. /. /. 1942. 

Brade, A. 0. liabiatae e Pteridophyta do Herbario do Museu Nacional, Rio de 
Janeiro. Bol. Mus. Nac. [Bio do Janeiro] IT 5: 1-12. 20 Mr 1946, 
Cirdenas, M. A Bawkes, J. 0. New and little-known wild potato igaecies from 
Bolivia and Peru. Jour. Linn, Boe. 53: 91-108. /, 1-10. 27 Au 1946. 

Ohoo, Bath Oben-Ting. A second sjiecies of BackehehUm. Jour, Wash. Acad. 
56; 282, 283. 15 Au 1946. 

Cockerell, T. H. A, Botanical taxonomy. Science 104: 146. 9 Au 1946. 
Cronqoist, A. A note on Hieraemm. Leafl. W. Bot. 4: 280. 28 Au 1946. 
Oronqaiet, A, Studies in the Bapotaeeai—VI. Miscellaneous notes. Bull. 
Torrey Dub 73: 465-471. 8 1946. 

Dickaaon, P. 0, The ferns of Burma. Ohio Jour. Bci. 46: 109-141. / map. 
My 1946, 

Bagand, A. Noticias botauicas colombianas—VI. Caldasia 4; 51-66. 10 My 
1946. 

Eaetwood, A. Notes on Arctjoataphplo^ Vva vm. Leafl. W. Bot. 4; 268-270. 
28 Au 1946, 

Paaeett, K, 0. Glyeena pallida and 0. FemaUin, Bull. Torrey C’lub 73; 463, 
464. B 1946. 

Pemald, M. Ii. Contributions from the Gray Herbarium of Har\'ard University 
No. CLXII. identifleations and reidentifleations of North American ]>lants. 
llhodora 48: 137-162. pi. 1031-1046. 16 JI 1946. 184-197. pi 1047, 104S. 
1 map. 6 At! 1946. 207-216. pi. 1049,1030. 8 1946. 

IFodbezg, 7. B. Application of the name Svphorbm marulata L. Rhodora 48: 
197-200. /. 1-4. S Au 1946. 

F00tHtK$, T. B. OUaeivationa on Virginia plants. III. Castanea 11: 66-69. Je 
.1946. 
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OentiTt H* S. l^otes on the vegetation of Sierra Surotato in northern Sinaloa. 

Bull Torrey Club 73: 451-462. /. 1-^. S 1946. 

KariOW, W. M. Fruit key to northeasteni trees. 1-50. /. Byraease^ 

N. Y., the author. Au 1946. lithoprinted. 

Hairea^ D. W. Two remarkable range extensions [Ehahdadenia corallieola and 
JShoroma ilietfoUa'], CJastanea 11: 61, 62. /. 7, jJ. Je 1946. 

Heiaer, 0. B* A **new^’ cuHivated sunflower from Mexico. Madroflo 8: 
226-229. /. 7. J1 f5 Au] 1946. 

Benrard, Th. Notes on the nomenclature of some grasses, II. Blumea 4: 
496-538. 3941. 

Henrard, J. Th. On a new species of Axonopufi from" South America with critical 
observations. Blumea 6: 525-529. i pi 1945. 

Henrard, J. Th, On a new si)ecieH of Panpalum from the island of Bonaire 
(Nether. W. I.]. Blumea 6: 324-327. i pi 1943. 

Henrard, J. Th. Borne now species of AxonopHa (Gramineae). Blumea 5: 
274-279. 1 pL 3942. 

Hersog, Th. Plantae a Th. Ilerzogio in itinere ehis boliviensi altero annis 1930 
et 1911 colleetae. l^ars VII. (Th. Herzog (Euphorbiaceae); J. Th. Koster 
(CWipositae).] Blumea 6: 641-686. /. 7-^. 1945. 

Hodgon, A. B. Notes on N<*\v Hampshire plants. Khodora 48: 205, 206. B 1946. 
Howell, J. T, Erwgonum anguhittim and related species. Leaf!. W. Bot. 4: 
270-279. 28 Au 1946. 

Howell, J. T. Tno Washington weeds. \Rorippa Trtfohum fragi- 

ferum.\ Leafl. W. Bot. 4: 280. 28 Au 1946. 

Hyland, F. The conifers of Maine. ITni\. Maine Ext. Berv. Bull. 345: 1-20. 
/. 7~;6’. Je 1946. 

Jansen, P. A neu Pucvimflia species. Blumea 6: 530, 531, 7 f. 1945. 

Kausol, E. Notas sobre plaiitas ornamentales y forestales chilenas. Bevista 
Argent. Agioii. 13: 121-127. Je 1946. 

Kearney, T. H. A ne>\ Ermgonitm from Arizona Leafl. W. Bot. 4: 267, 268. 
28 Au 1946. 

Hester, J. Th. Home ('‘bloropliyceae from the murine salines of Bonaire (Nether¬ 
lands, West Indies). Blumea 5: 328-335. /. J, J. 1943. 

Kmkeff, B. A. 4r Monachine, J. The genus Strgrhnos in Colombia. Caldasia 4: 
39-49. 10 My 1946. 

La4Mier, T. Exploraciones botanicas en el estado Merida. 3* ('ouf. lnU»ram, 
Agric. Caraeas 11: 5-22. 1945. 

Iieavenworth, W. 0. A jircliminary study of the vegetation of the region lie- 
tween (Vrro Tancitaro and the Rio Tepalcatepec, Miehoacun, Mexico. Am. 
Midi. Nat. 36: 137-206. /. J map. .11 fB) 1946, 
liodn, Hrotiur, ('’outributions to the studv of the ('ubaii palms. V13. The genus 
Calyptroggne in (^uba. Contr. Ocas. Mus. Hist. Nat. Col **De I-a Salle” 
[Halmna] 3; 1-12. pi 7, i. Ap 1944. 

Maguire, B. A Holmgren, A. H Botany of the Intermountnin Region—1. tjeafl. 
W. Bot. 4: 261-267. 28 Au 1946. 

McMinh, H. £. Tlie status of tlie sec^tion Tropanikm Grant in UimvXm of 
Hcn)phulariaceae. Madrono 8; 234-236. pi £0, Jl (5 Au] 1946. 

Martin* J. B. TtifoHum mominthurn Grn^, Madroflo 8: 230-233. /. i. 3l (6 
Au] 1946. 

Merrill, H D. The Amos Eaton herbarium. Bhodora 48 : 201-205. S 1946. 
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El gdnoro UngelharMa do Orizaba, Vor. [Moxieo]. Bob Soc. Bot. 
Mex. 4: 15, 16. My 1946, 

O’Kelll, H. The genus Cgperutt in ('onti. Oens. Mus. Hist. Nat. Col. ‘*I)e 

la SalleIHabanu] 6: 1-15. Jn 1946. 

Piuray, L* Exploraciones botAniens en eJ norte del estado do Puebla |Mexico]. 
Bob Soc. Bot. Mex. 4; 10-13. My 1946. 

Papeiifiiss, <4. P. Btiueture and reproduction of Tnchogloea JHeqinrnu, with a 
comparison of the genera of JTelminthocladinceae. Hull. Torrcy Club 73: 
419-437. /. S 1946. 

Paattie, D. 0. The use—and useK^ssness—of local floras. Castanea 11: 63-65. 
Je 1946. 

Pannall, P. W. Reconsideration of the Bacopha llrtpratu problem of the Scro 
phulariaceae. Proc. Nat. Acad. 98: 83-98. 19 Je 1946. 

PaimeU, P. W. Species of Stemodia and Galvezw (Kcvophulnriaceue) on the coast 
of Ecuador and northern Peru. Not. Nat. 179: 1-6. 21 Je 1946. 

Beko, B. P. Los g^neros Panerogamicc^s Mexicanos. Bob Hoc. Hot. Me\. 4: 
19-40. My 1946. 

Beko, B. P. Nombres Tarascos de plantas |Mexico]. Hoi. Hoc. Hot. Mex. 4: 
41-45. My 1946. 

Bicker, P. L. Two new ('anavalias. Pastanea 11: 55, 56. .Tc 1946. 

Sampalo, A. J. de. Nomes vulguies de plantas do distrito federal e do Kstudo 
do Rio do Janeiro. Hob Muh. Nac. j Rio de Janeiro] IT 4: 1-149. 15 Ja 
1946. 

Schweinfurth, C. A unique lirama from Pern. Am. Orchid Hoc. Hull. 15: 132- 
134. 1 /. 3 Au 1946. 

Sharp, A. I^a distribueidn del genero Podocarpus en Mi^xico. Hob Hoc. Hot. Mex. 
4: 17, 18. 1 map. My 1946. 

Sherff, E. E. Home new or otherwise noteworthy dicotx ledonous plants. Vm 
Jour. Bot. 33: 499-510. /. Je |31 Jl] 1946. 

Smith, B. E. Additions to the flora of Houth <*arohuu. Jour. Klisha Mitchell 
Soc. 62: 81-86. Je |AiiJ 1946, 

Smith, L. B. & Schubert, B. 0. The Hegoniaceae of C'olombia. Paldasia 4: 3- 
38. 10 My 1946. 

Stevens, O* A. Better titles, more eflfecti\e publication. Heience 104: 179, 180. 
23 An 1946. 

Steyermark, J". k Meyer, A. Infonne de la Misidn de Ciurhona en Vene/.ut*la. 

Bob Soc. Venez. Cien. Nat. 10: 163-189. J map. 1946. 

Svenson, H. K. Vegetation of tlie coast of Ecuador and Peru and its ielation to 
that of the Galapagos Islands. 11. ('atalogue of jilants. Am. Jour. Hot. 33: 
427-498. pi Je |31 Jl] 1946. 

Taft, 0. E. Monotttroma fVittroekn in Ohio. Ohio Jour. Hci. 46: 163, 104. 
1946. 

Turrill, W. B. The ecotype coiic(*pt; a coimideration with appreciation and 
criticism, especially of recent trends. New Phytob 46: 34-43. 1 Je 1946. 
VelOso, H. P, As comunudades e as esta^oes iKdanicas de Teresopolis, Estudo 
do Rio de Janeiro, ((kim inn eusaio de uma cho'ie dendrologiea). Hob Mus. 
Nac. (Bio de Janeiro] Jl 3: 1-95. /. 10 N 1945. 

Wagner, W. H. Fern field notes in the Washington-Baltimorc area. Oastanea 
11; 59, 60. Je 1946. 

Weevefs, Th. The relation lH»twH‘<*n taxonomy and chemistry of plants. Hlumeu 
5: 412-421. 1943. 
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Wheeler, L. O. TUhymahiH fTourii.]' ^ ptoposed for coii»t»rvation. Am, Jour. 

Bot. 33; 509, 570, Jo |31 Jl] 1940. 

Wilde, O. £. Beittla glanthdoMi «t a low altitude in Now Hampshire. Rhodora 
48: 183. r> Au 1946. 

Xolocotsi, E. H. La distrihuoiou natural do la Hcherlea prt'uasn Burret, se ex- 
tiendo a M^'xico. Revisto Hoe. Mex. Hist. Nat, 6: 146-152. I) 1945. 

MOBPHOLOGIl 

rliiolmlhi^ aimtouiy and e.vtoht|]ry In purf) 

(SfH* hIro under IMnnt taxonomy and FloriaticK: PapenfuwR; under TMant PhyRioloiiry: Swanaon) 

Bloch, B. Differentiation and pattern in Monniera flrlieiona. The idioblastie de¬ 
velopment of the trichoaelereids in the air root. Am. Jour. Bot. 33: 544- 
551./. 7-77. Je |31 Jl] 1946. 

Ourtls, J. T., Duncaod, B. £. Bt Blondeau, B. Non-latex rubber in Crypioalegia. 

Am. Jour. Bot. 33: 578. Je [31 Jl] 1940. 

Flexnlon, P. Bt 'Dhlxnann, G. Further studies of embryo less seeds in the Vmbelli- 
ferae. C’ontr. Hoyee Thompson Inst. 14: 283—293. My->le [Au] 1946. 

Gimckel, J. E. Bi Wetmore, B. H. Studies of development in long shoots and 
short shoots of (rbtlcfio bilobu, Tl. Fhyllotaxis and the organization of the 
primary A*aaeular system; primary phloem and primary xylem. Am. Jonr. 

Hot. 33: 532 -543. /. 7-/A’. iablen, 7, J. Je |31 Jl] 1946. 

Link, O. K. K. Eggers, V. Mode, site and time of initiation of hypoeoty- 
ledonary bud )>rimordia in Liniim HHitnfixsimum L. Bot. (laz. 107: 441- 
454. /. / -7. Je I 1 Au] 1946. 

Landes, M. S(‘ed d(‘velopment iu Jcalypha rhomhmdra and some other Kuphor 
biaeeae. Am. Jour. Bot. 33: 562-568. /. 7-.yi. Je |31 Jl] 1946. 

Maheshwari, P. The Adojca type of embryo sac: a eritieni review. IJoydia 9: 
73-113./.;. Je IH] 1946, 

davile, D. £. O. A rapid fre<*haiid stationing method for leaves. Htain Tech. 

21: 99-192. /. /, Jl 1946. 

Simpson, D. M. Bt Hertel, K. L. Hnviionmentui modihcatiou of hber properties 
as a source of terror in cotton experiments. Jour. Agr. Res. 73: 97-111. 

1 Au 1946. 

Binnott, £, W. ft Bloch, B. Comparative differentiation in tlie air roots of 
Monstf'm tithrtom. Am. Jour. Hot. 33: 587-590. /. /-J. Jl |Aul 1946. 

Sparrow, P. K. Types of ])od8 of .laHepms aynaen found in Michigan. Jour. 
Agr. Res. 73: 6.5-80. /. 7-J. 1 Au 1946. 

Stmckmeyer, B. E, The anatomy of the almoniial swellings on the stems of some 
varieties of soybeans. Am. Join. Hot. 33: 571-577. /. l-W. Je [31 Jl] 1946. 

Van Ploet, D. 8. An oxidation and adsorption reaction for differentiating the 
endodermis and the coUenehynia. Htain Tech. 21: 9,5--l»8. 7 pi, Jl 1946. 

Wagner, "SL A. Notes on the aiiouialous stem structure of a specit's of Bauhhiia, 

Am. Midi, Nat. 36; 251-256. />/. /. f. 7. Jl |H1 1946, 

Weaver, H. L, A developmental study of maize with particular reference to 
hybrid vigor. Am. Jour. Bot. 33: 615-624. /. Jl |Au] 1946. 

WeUwood. B. W. The physical-mechanical properties of certain West Indian 
timlHTs. tr. (^,arib. Forest. 7: 191-252. Jl 1946. 

1*LANT iniVSlOLHC.Y 

also under Mycology: Ptalier, Rllcer ft Allen; Gettlleli) 

Allard, B. W«, DeBose, H. B. ft Swanson, 0. P. Home effects of plant growth 
regulators on seed germinations and st*edling development. Bot, Oa*. 107: 
575-583. /. 7-6. Je 11 Au] 1946. ^ 
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Allard, &. W. el aL The nctioa of isopropylpheiiylcarbamato upon plants. Bot. ‘ 
Oaz, 107: 589~59<5. Jo fl An] 1046. 

Barton^ L. V, ^ Ganaan, H. E. Effect of a^e and storage condition of seeds on 
the yields of certain plants. Oontr. Boyce Thompson Inst. 14: 243-255. 
My [Anl 1946, 

Berger, J», Smith, P. ft Avery, 0. 8. Tin* indmnce of auxin on resi)iratimi of tin* 
Avena coleoptile. Am, Jour. Bot. 33: 601-604. /. 7, J. f lablrs l-J. Jl 
(Au] 1946. 

DeEoae, H. E. Persistence of some plant growth-regulators when applied to the 
soil in berbicidal treatments. Bot. ilaz. 107: 583-589. /. 7-.V. Je |1 Au] 
1946. 

Beimy, E. B. Gas content of plant tissue and respiration measurements, ('oiitr. 
Boyce Thompson Inst. 14: 257-276. My |Aii] 1946. 

Ennis, W. B. ft Boyd, F. T. The response of kidney bean and soybean ]dantH to 
aqueous spray applieations of 2,4-dichU)rojihtnoxyaeetic acid with and with 
out Carbowax. Bot. Gaz. 107: 552-559. /. 7-4. Je |AuJ 1946. 

Ennis, W. B. et at. Effects of certain giowth regulating compounds on Irish 
potatoes. Bot. Gaz. 107: .568-574. /. 7, J. Je JI Au] 1946. 

Erickson, L. C. Growth of tomato roots as influenced by oxygen in the nutrient 
solution. Am. Jour. Bot. 33: 553-561. /. 7-9. Je [31 il ] 1946. 

Oarman, H. B. ft Barton, L. V, Response of lettuce seeds to thiourea treatments 
as affected by variety and age. Oontr. Boyce Tlioinpsou hust. 14: 229-241. 
/. J-4. My |Au] 1946, 

BUldebrandt, A. 0„ Eiker, A. J. ft Duggar, B. M. The influ<uic(> of tlu* com 
position of the medium on growth in ^it^o of excised tobacco and sunflower 
tissue cultures. Am. Jour, Bot. 33: 591-'597. /. 7 J i labf^s /-J. Jl |Au) 
1946. 

MacVicar, E. ft Struckmeyer, B. E. The relation of photopenod to the boron 
requiremeni of plants. Bot. (iaz. 107: 454-461. /, 7 <V. Je |1 Au] 1941), 

Moore, E. H. Some effects of altitude and water supply on the conqiosition of 
Derna elUptim. Bot. Gaz. 107: 467-474. /. 7, J, Je |1 Au] 1946. 

Myers, J, Culture conditions and the devel<»pment of the photosynthetic mecha 
nism. Ill—Influemce of light intensity on endlular characteristics of 
ChioreUa. Jour. Gen. Physiol. 29: 4Ji^27. 1 /. 20 Jl 1046. IV— Influence 
of light intensity on photosynthetie characteristics of ChloreUa. 420-440. 

Korman, A. G. Studies on plant growth rt^gulating 8ub8tance*s, Bot. Gaz. 107: 
475. Je 11 Au] 1946. 

Patterson, P. M. Osmotic values of bryophytes and probhuns jiresented by re 
fractory types. Am. Jour. Bot. 33: 604-611. tables 1^,i. Jl (Au] 1946. 

Smith, H. H. Quantitative aspects of aqueous spray applieations of 2,4 diehloro 
phenoxyacetic acid for berbicidal purposes. Bot. (3az. 107; 544-551. /. 7-6. 
Je [1 Au] 1946. 

Bwanson, 0. P. Histological response's of the kidney liean in aqueous sprays of 
2^4-dichloropheiioxyacetic acid. Bot. Gaz. 107; 522-631, /. 7-/7. Je [1 Au] 

, 1946. 

Swanaon, C. P. A simple bio assay method for the determination of low con* 
centratioiis of 2,4-dichlorophenoxyttcetic acid in aqueous solutions. Bot. 
Oaz. 107< 507-^509. 7 /* Je |1 Au] 1946. 

Svattaon, O. P. Two methods for determination of the herbicidal effective¬ 
ness of plant growth-regulating substances in oil solution on Irroadleaf 
plants. Bot Oaz. 107: 660-562. Je [1 Au] 1946, 
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Taylor, D. L. Obsorvations on the growth of certain plants in nutrient solu¬ 
tions containing synthetic growth regulating substances. I. Rome eff<*cts 
of 2,4•dtchloropheuoxyacetic acid. Bot. Oaz. 107: 597-611, /. 7-5. Je [1 AuJ 
1946. II. The iiifluence of presentation time. 611-619. /. 7-5. III. The 
relative toxicity of i 80 j)ropyiphcnylcarbamate and some j>henoxyHcetic acid 
derivatives to some cereals. 626-629. f. 1-3. IV. The amount of growth 
in soil and solution cultures treated with equal weights of ammoniiim 2,4- 
dichlorophenoxyacetate. 636-632. 

Thompson, K. Swanson, 0. P. & Norman, A. O. New growth-regulating com¬ 
pounds. I. Bunniinry of growth-inhibitory activities of some organic eom- 
]>ounds as determined by tliree tests. Bot. Gaz. 107: 476-507. Je |1 AuJ 
1946. 

Thorton, N. 0. Factors inOuencing vitamin C content of asparagus, banana, and 
seedlings of garden pea during growth or in storage. Contr. Boyce Thomp¬ 
son Inst. 14: 29.*>-.364. /. 1 M (AnJ 1946. 

Weaver, B. J. KfTect of spiay applications of 2,4 (lichloropheiioxyacetic acid on 
subsequent gremth of various parts of red kidney )>eau and soybean plants. 
Bot. Gaz. 107: r>32-539, /. 7-/6. Je |1 Au] 1946. 

Weaver, B. J. Home effects of sc^ason, habitat, and clipping on tlu^ chemical com¬ 
position of Andropoffov fureafin^ and Sin pa sparttn. Bot. Gaz. 107: 427- 
441. /. 7, 4^. Je |1 Au| 1946. 

Weaver, B. J. ft DeBose, H. B. Absorption and translocation of 2,4-clicliloro 
plienoxyacetic acid. Bot. Gaz. 107: 5U9-o21. /. 7-7/. Je [ 1 Au] 1946. 

Weaver, B. J., Minarik, C, E. ft Boyd, P. T. luduenct* of rainfall on the effec¬ 
tiveness of 2,4 dichlorophenoxyacetic acid sprayed for lierbicidal purposes. 
Bot. Gaz. 107: r)46-r»44. /. /-/. Je jl Au] 1946. 

Weaver, B. J. // nl. Effect <»f plant growth-regulators in relation to stages of de- 
velopntent of ciTtain dicotyledonous plants. Bot. Gaz. 107: 568-568. Je 
|1 Au] 1946. 

Wynd, P. L. ft Noggle, G. B. Effects of selected properties of soils on grow’th of 
Sudan grass. Lloydia 9: 146-151. /. /-5. • i(ihU.\ 7-7. Je |8| 1946. 

UKNETK’H 

(includitifr c.vto<jeuetic«l 

(Sts» also un<l4‘r M.veoIogy: Kyaii ft ; BiOwall*, under Morphology: Weaver) 

Bhaduri, P, N. ft Sharma, A. K. (\vtogenetics of Datura fastuona L. Bull. 
Torrey Club 73: 438-456. /, /-/,? 4 fabli' /. S 1946. 

Carletto, G. M. () inlinero de crouioafimios cm cacaueirOvS. Bol. Tec. Inst. (Vicau 
Bahia 6: 35-39. f. 7-6. 1946. 

Carletto, G. M. O poliniza<,*ao controlada na flor do Uacaueiro. Bol, Tec. Inst. 
Cacaii Bahia 6: 5-36. /. /-,9. 1946. 

Chin, T. C. The cytology of polyploid Am. Jour. Bot. S3: 611-614. 

iahlfs 7-/ + f. 1-5. Jl | Au] 3946. 

Chin, T. O. Wheat-rye hybrids. Jour, llered, 37: 195, 196. /. 1. Jl 18] 1946. 

Clarke, A, £« ft McKay, H. M. A cytological study of some triploid onion plants. 
Jour. Hertui. 37: 131-136. f. U 5. My | Je] 1946. 

Bodge, B, O. 8elf-sterility in ‘^bisexuaP’ beterocaryons of AVwroxporu. Bull. 
Torrey Club 73: 410-416. R 1946. 

Geretel, B, B. Inheritance in NimlUina tabarvm. XXL The mechanism of 
chromosome substitution. Genetics 3X: 421—427. Jl 1946. 

GlUitafsson, A* Apomixis in higher plants. Part I. The mechanism of apomixis. 
Lunds Univ. Arssk. Avd. 2. 42*: 1-67. /. 7-J6. 14 Mr 1946. ^ 
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Hurtims, M. B. Chromosome iiumlx-rH in JPoa, Af/ropyron, and Slymm. Am. 
Jour. Bot. S3: S16-63J. /. ]~f. 3e \ni Jl] 1946. 

HajPBB. H. K. Yield genes, heterosis mid eombiuixig nbility. Am. Nat, SO; 430- 
445. tableit 1-U, Jl (5 Au] 194(5. 

Koatoff, B. C>i;ogenetics of the genus \iroUana, i-xjrviii^ 3-1072. t eoK />/. 
/. 1-^45. T tahks 1^70, Sofia, 1941-1943. 

Itangjhaiu, B, 0. Oeneties of sesame [SeHamum] —HI. ^*Opeu sesame’' and 
mottled leaf. Jour, Hered. 37: 149-152. /. My |JeJ 1946. 

ZitiulAgreii, O. 0, A new gene theory and an explanation of the phenomenon of 
dominance to Mendelian segregation of the eytogene. Proc. Nat. Acad. 
32: 68-70. Mr 1946. 

McKay, H. B. & Clarke, A. E. Tlie use of enzvmes in the preparation of root tip 
smears. Stain Tech. 21: 111-114. / /. Jl 1946. 

Mather, VL Dominance and heterosis. Am. Nat. 80: 91-96. Ja 1946. 

Newcomer, £. H. A thret^-year trial of hybrid poplars in North (%roIina. doui. 
Elisha Mitchell Soc. 62: 77-80. Je jAu] 1946. 

Saaeome, E. E. Heterokaiyosis, mating-type favtors, and sexual reproduction 
in Neuro,spora. Bull. Torres Club 73: 397-409. /. i-5. S 1946. 

Stadler, L. J. Spontaneous mut.ntioii of the /? locus in mairie. 1. The aleuron-eolor 
and plant color effects. (fCiietica 31: 377-394. Jl 1946. 

Stebhlns, 0. L., Valencia, J. I. A Valencia, E. M* Artificial and natural hybi iiU 
in the (framineae, tribe Hordeae. H. Af^roppron, Elpmutt and Hordmni. 
Am. Jour. Bot. S3: 579-586. /. 7-/7 r tablm /, Jl |Au) 1946. 

Wannke, H, E. PrecooHng combinc*d with chroiuoMomacetic fixation in studies 
of somatic chromosomefi in plants. Stain Tech. 21: 87-91. / /. Jl 1946. 

MYCOLOGY AMI PHYT<IPATHOIXH^Y 
(StM* niso under Genetics: Dodice, 8anNume) 

Ark, P. A. A Leach, L. B. Seed transtiiission of bact<*ria} blight of sugar 
Phytopathology 36: 549-553. /. /. Jl 1946, 

Baker, El F,, Snyder, W. C. A Holland, A. H. Lygus bug injury of Hma bean in 
California. Phytopathology 37: 493-.503. /. /, Jl 1946, 

Blodgett, £. C. Transmission of peach nart by graft inoimlations with affected 
fruit tissue. Ph^'topathology 36: 675. Au 1946. 

Brett, 0. H. Insectidal properties of the Indigohush (Amnrpha fruiticoMt), 
Jour. Agr. Hes. 73: 81-96. /. /-J. ^ tabkft /-J. Au 1946. 

Ohardon, C. E. Fungi Ddmingeiiw^s novi vel minuH cogniti. 1. FurloMia 2: 
455-473. /. /-^7. Jl [SJ 1946. 

Coker, W. C. The Ignited States species of CoUncui. Jour. Elisha Mitchell Hoc. 
62: 95-107. pi Je |Au| 1946. 

Conch, J. N. Two sjieeies of SepfobaffUinnn from Mexico with unusual insect 
houses. Jour. Elisha Mitchell Soc. 62: 87-94. p/. 75, 76. i /. /-/. Je 
[Au] 1946. 

BlUer, J. B., Whittaker, C. W. A Anderson, M. 8. Effect of mineral nutrition on 
the vigor and susceptibility to bligtit of old Japanese chestnut trees. Phyto¬ 
pathology 36: 554-556. Jl 1946. 

EUlott, 0. A Jehkins, M. T. HclminthoMimruim iurctcu.m leaf blight of corn. 
Phytopathology* 36: 660-666. /. i, *. + tables /, jH, Au 1946. * 

eiua b. b. Anthraciiosc^ of dwarf mistletoe^ causc'd by a new s^iecios of 8epio‘ 
ffloctm. Jour. Elisha Mitchell 8o<‘. 62: 25-50. 4-6*. ^ f, + iabkn 1-f. 

Je (Au] 1946, 
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Fawcett, H. S* Htubborn diH<»««> of citruM, a viroais. Phytopathology" .36: 
675-4577, All 1946. 

Ft^er, £, H., Rfker, A. J. ft Alien, T. O. Bud, bloasom, and pod drop of canning 
string lieaiis reduced by plant hormoneK. Phytopathology 36: 504-523, 
/. i, B, + iahlea 3-W. Jl 1946, 

Frasier, N, W. ft Freitag, J. H. Ten additional leafhopper vectors of the virus 
causing Pierce’s disease of grapes. Phytopathology 36: 634-637. Au 1946. 

O&nmann, £. Types of defejisive reactions in plants. Phytopathology 36: 624- 
633. /. An 1946. 

Qcttlieb, D. ft Oamer, J*. M. Bust and phosphorus distribution in 'wlieut leaves. 
Phytopathology 36: 557-564. /. U Jl 1946. 

GHrovee, W. The genus Dcrmea in North America. Mycologia 33: 351-431, 
/. J1 1946. 

Hedges, F. Association of Xanihumofnn* phoM^oh and tlie common benn mosjne 
virus, Marmor phaaeoU. II. Dissociation studies of X. phaaeoli. Phyto¬ 
pathology 36: 589-612. /. r-6'. ,Au 1946. 

Hedges, F. KxjH^riinents on the over wintering in the soil of bacteria causing 
leaf and pod spots of snap and lima IxmnH. Phytopathology 36: 677, 678. 
Au 1946. 

Hedges, F. ft Fisher, H. Association of Xrtnfhomonaa phaaeoU and the common 
hean-moHaic virus, Marmor phaavoh. III. The effect of varying amounts of 
nitrogen on pathogenicity. Phytopathologv 36: 613-624. /. 7. Au 1946. 

Holmes, F. O. A c<im]juriHou of thi* experimental* host ranges of tobacco-etch 
and tobacco mosaic viruses. Phytopathology 36: 643-^59. /. /, .f. 4 labU 
7, AU 1946. 

J enkins , A. £. Khinot pin in France and Hpain in the light of (juarantine in¬ 
terceptions. Mycologia 38: 45(>-4.'>2. 7 /. .11 1946. 

Limber, D. F., Pollack, F. G. ft Jenkins, A. £. A7.vtno< discovered on Senhania 
and Cinvamonunn in the Putted States. Mycologia 38: 463—472. /. ^-.7. 
.11 1946. 

Marchi on atto, J. B. Nota relaciouada con la etiologia de la podredumbre de la 
raicilla del Naranjo. Bevista Argent. Agron. 13: 96-10(1. Je 1946. 

Martines Grovetto, &. ObservaViom*M .sobre his nmlezas de los cultivos en el 
partido de Balcarce (Provincia de Buenos Aires). Bevista Argent. Agron. 
13: 103-120. .1e 1946. 

IdUbrath, J. A. (treeii dwarf; a virus disease of potato. Phytopathology 36: 
671-674. /. 7, J. ^ tablf> 7. Au 1946. 

Olive, L. S. New or nire Heierobasidiomycetts from North (’arolina—11. Jour. 
Klisha Mitchell S<»c. 62: 65-71. pi, Jc |Auj 1946. 

Presley, J. T. Diplodia die-baek of gtmyule (Partht miitm arprutnlum Dray). 
Phytopathology 36: 56.5-571. /*. 7. J. .11 1946. 

Prince, A. £. The'l>iology of (wamnttsporanifinm ao/as-nta'a Thaxter. Farlowia 
2: 475- 525. pi, 1, t lablr 7-kV. f apptmlijt J, J, ,1\ [S] 3946. 

Bsran, F, J. ft x#6derberg, J. Be\erse mutation tiud adaptation in loucineloHs 
Xetirospom, Proc. Nat. Acad. 32: 163-173, f. 7-J. 15 .Je 1946. 

SavUle, B. B. C. A new apecie.s of Staftonoapina on AmbroaM, Mycologia 38: 
463-454. 7 f, .11. 1946. 

Beaver, F. J. Photographs .and descriptions of cup-fungi— XU. CafinelUi ni^ro- 
olivarea, Mycologia 33: 473-476. 7 .11 1946. 

Shsnds, H. L. ft Schaller, 0. VT* Beaponw* of spring barley varieties to floral 
loose smut inoculation, {’hytopatliology 36: 534-548. .Tl 1946. 
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P. W. ('Tiiorooblastomfeoais, Rome ob«ervatioiiH on types of the 
disease in South Africa. Mycologia 38: 482-449. /. 7-7^, Jl 1948. 

Singer^ B. The Boletineae of Florida with notes on extralimital species. IV. 
The lamellate families (Uomphidiaceae, Poxillaceae, and Jungasjmraccae)* 
Farlowia 2: 527-567. pi. 1. Jl |8] 1946. 

SJbwall, M. Studien iiber sexualitAt vererbung und zytologie bein einigen did- 
zischen Mucoraceen. Lund fOleerupakn Univ. BokhandelenJ. 1-97. /. 
3945. 

Smith, O. P. Fffect of soil temperature on the development of J^hizoefoma root 
canker of alfalfa. Ph^'tojmthology 36: 638-642. /. 7-4'. Au 1946. 

Snyder, W. O. 8c Hansen, H. N. Control of culture mites by cigarette paper 
barriers. Mycologia 38: 455-462. /. 2, Jf. Jl 1946. 

Standen, J. H. A toxic substance occurring in certain maizt cobs. (Vmtr, Boyce 
Thompson Inst. 14: 277-281. M-Je [Au] 1946. 

Steinberg, E. A. Kporangial propagation of blue mold fungus on a«ce]>tically 
grown tobacco seedlings. Hull. Toney Club 72: 417, 418. 8 1946. 

Taylor, 0. P. ft Rupert, J. A. A study of vegetable s<‘ed protectants. Phyto¬ 
pathology 36: 726-749. /. i-9. -f tables 8 1946. 

Tompkins, 0. M. A Ark, P. A. 8t*edling disease of yello’w calla, eau8<*d by Cot 
iicitim solani, and its control. Phytopathology 36: 699-762. 8 1946. 
Weimer, J. L. LtHpedeza anthracnose. Phytopathology' 36: 524-53.8, f. 

Jl 1946. 

Whlffen, A. J, Two new teirieolous Phycomycetes l)elonging to the genera 
Lagenidium and Blastovladtella. Jour. Elisha Mitchell Soe, 62: 54-58. 
ph 7. Je |AuJ 1946. 

Wilkinson, B. £. B Kent, O. 0. Home factors determining the infeetjon of c(»rn 
by Usttlago zeat (Beckm.) Unger. Jow'a Htate Coll. Jour. Rci. 19: 4Ul- 
493. /. 1-3. Jl 1945. 

PALEOBOTANY 

Brown, B. W. Walnuts from the Late Tertiary of F'cuador. Am. Jour. Hci. 
244: 554-556. /. 2-9. Au 3946. 

Buell, M. P. Size-frequency study of fossil pine pollen compared with herbarium 
preserved pollen. Am. Jour. Bot. 33: 510-516. f. 1-4. Je |31 Jl] 1946. 
Hoskins, J. H. B Cross, A. T. Htudles in the Trigouocar])alea. Part I. Pachp 
testa vera, a iiew' species from the Des Moines series of Iowa. Am. Midi. 
Nat. 36: 207-250. /. 2->'56. Jl 18] 1946. 

ECOlAKiY AND PLANT OEOORAPHY 
(See also under Plant Taxonomy and Ploristles Alain, TurrIII) 

Baes, J. B. Dos a^pectos de la vegetacidn del Norte de Run Imis. Bevista. 

Argent. Agron. 13; 69-95. pi. 7, J. Je 3946. 

Beard, J. 8. Notas acera de la vegetacidn de la Peninsula de Paria, Venezuela. 

Bol. 8oc. Venez. Cien. Nat. 10: 191-200. 1946. 

Paubenmlre, B. P. Badial grow'th of trees at different altitudes. Bot. Oaz, 
107: 462-467. /. l-o. Je [1 Au] 3946. 

Byksterhuls, £. J. The vegetation of the Forth Worth Prairie. Ecol, Monogr. 
16: 1-29. f. 1-11. Ja 1946. 

XiOOn, IStno B AguSyo, 0. G. Excursion botdnicn a la Bahia de N nevus (Irandes y 
hallasgo de unu espeeie de cachalote nueva para la Fauna enbuna. Contr. 
Ocas. Mus. Hist. Nat. Col. La Salle[Habana] B: 1-7. /. !•-€. 

B 1945. 
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Mason, H. L. Tht* edaphic* factor in narrow endemism, 1. The nature of environ¬ 
mental infiuencefl. Madrono 8: 209-226. .11 [5 Au] 1946. 

Schulman, E. Tree ring hydrology of the C'^olorado Biver hasin. Univ. Arizona 
Bull. I Lai). Troe ring Res. Bull. n. 2j 16^: 1-51. pi, tS \ f. 1-^. 25 Je 1946. 
WoUs, B. W. Archeologic.al disclimnxes. .lour. Klisha Mitchell Hoe. 62: 51-53. 
.le [Au] 1946. 


OKNKKAL BOTANV 
(ineludlne Biography) 

Arbor, A. (toethe’s botany. The Metaraorphosis of plants (1790) and Tobler^s 
Ode to Nature (1782). nirou. Bot. 10: 63-124. pi. Hummer 1946. 

BaUcy, H. William Trelease (1857-1945). ^eav Book Am. Phil. Hoe. 1945: 
420-425. 1946, 

Blewitt, A. £. Edgar Burton Hargtr. Rhodora 48: 263, 264. 8 1946. 

Spangler, B. 0. Edith Htevens 11896-1945J. Castane.a 11: 90. Je 1946. 
Stevenson, J, A. James Rohcrl Weir, 1881-1943. Phytopathology 36: 487-492. 
port. J1 1946. 

Walker, J. C. James Peter Jolivelte, 1915-1945. Phytopathology 36: 415-417. 
port. Je 1946. 
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New names and combinations are desi|yfiiated by bold-face type. The names of con¬ 
tributors are in Capitals, 


Abwjt balmmfa, *205 

Jrarui cormgrra, 358; cipubiitphta, 358; 

farnt^mma, 358; pennaiuh, 358 
Acalypha brackyatachyn, 123 
Acenaphtheiie, effect of on [)lant tissue, 
34-59, 167 

Acer pcnnsylvanicifm, 590; rtfbrum^ 1, 15, 

29 

Aceiabnhma ealycnhia, 76, 78; major, 77f 
78 

Achlyogeton entophyton, 8 
Acnida cunnabina, 03 
AcomUtm napdlua, 62, r»3 
A Citrus calaviiis, 64 
AcrohchudcH bytsekiu, J; sp, 1-5 
Aclintdia chinmuts, 128; lanala, 128 
Additional introduced ))Isints in the Alen 
tian IslandK, 204 
Agnmonm sirmln, 461 
Agropyron rfp(ns, 64 
Athnfhus nltissma, 128 
Ajfxlo, hiBKKO; Mumte<i of meetin}>h of 
the Club, 475-478 

Akfhta quniaia, 589; infohafa, 114 
A Ian fp uni pUifanifotium, 128 
Alhiczm versicolor, 348, 340 
Aleutian Islands, introduced plants in, 204 
Aljrae, Proposed names for the ]>hyla of, 

23 7 

Alllx, (Jkowjk S.: The origin of the 
tnicros})orangiiini of Pst udotsuga, 547 
Allwjna nycfngiHta, 504 
Affium rtpa, 34-,50, 167-180, 476; tricoc 
cum, 504 

, 1 hi us ert masiogynt , 128; nt poU nsts, 128 
Alot barbndtvsis, 62; i<rri, 62, 63 
A It kata rostOy 120 
Amhiysttgiuni rarufiUy 164 
American botanical literalvire. Index to, 06, 
208, 327, 381, 481, 505 
Amrlanckit r lot vis, 205; oblongifoha, 20 
Ampkicarpaca edgcivortkii, 113 
Avadyoinenc fiahcllafa, 75, 77; Itclanchrrn, 

75, 77; stetlala, 75, 77; p/k*n/n, 75; 
wrigktiif 75 

A ndropogon glomtratus, 28; scoparius, 204 
A nomaloalcyos, A new genus in (^icurbita- 
eeno, 565; andreaaos, 569; barbatus, 
505; f. lobatoa, 567; ftudfoniiis, 569; 
macrooarpua, 569; martii, 360; pal- 
matUobns, 560; qulnquelobatus, 369 

607 


Auomodon attenuatuSf 164; minor, 164 
Another station for Laciuca stolonifcroy 

589 

Aphmomyers camptostylus, 9 
. I pocyn u m can nab in u m var. hyperwifolt u ni , 
64 

Aquihgia aff. skinntrx, 460; canadensisy 

590 

Arabis canadcnsxsy 590; lyraia, 590 
AraVxa nndicauUs, 64; racemom, 64 
Arbutus mlapcnsis, 458 
Arenarta congest a var. cbarlestonmuds, 
326; var. macradovay 326; fcndleri var. 
(ftabrescens, 326; filionun, 326; kinga 
subsp. rosea, 326; macradenia, 326; 
snbsp. macradenia, 326; subsp. macra- 
tUnxa var, macradenia, 326 
Artslida schicdeana, 459 
Aronia arbuiifohay 29 
Arh mxsxa sievenana, 120 
Arthrohotrys oitgospora, 1 
Arunthnana longifolia, 361 
.isaruin ewnadenst, 64 
A scans in feet a y 13 
A.sf liana cavUcryi, 14 
A.sfrtpfoncma longispora, 13 
Atropa belladonna, 62, 63 
Anainvillea (recta, 74, 78 
Azalta (xttnntica, 20 
Aztdla carohntana, 0,‘l 

B\li>uin, J. T., Jr.: JiantHicna caapi 
Spruce: its chromosomes, 282. Cytogeog 
raph> of Knulla (^iss. in the Americas, 
18 

Hanxstena cnapx, 282-284; chromosonn^, 
282; quitnisxsy 282 
Hanisitnopsis inchnans, 282 
Harbula cmgcYi, 160, 163 
Barkle\, P'red a.: Noteworthy plants of 
Texas—V. Additional Psoraleae, 131 
Hvrrktt, Marv F.: Ficus tsjahcla, 86. The 
case of the vanishing Ficus roeemrwa, 312 
Ihsxdiobohts rannrum, 10, 11 
Batrachospermum orthostichxtm, 434 
Btgonia evansitwa, 113; yttunanenstSy 113 
Berberis amnrensxs, 117; thunberguy 117; 

t^ulgaris, 117; witsonaCy 129 
Bthda luica, 590; papyrifera minor, 205 
BtdcHs pinnatOy 108 
Bisckofia trifoliafay 123 
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Bhadcri, P. N.: Oytogoneticfl of Datura 
fofitnom L.^ 438 
Blaniuft pauciflorus, 317 
Bocconea arborea^ 463 
Bomhardia lunataj 406, 407 
Bombax palmeri, 358, 361, 362 
Bornetella oUgonporay 76, 78 j sphaerica^ 
76, 78 

Botanical literature, luOex to, 96, 208, 327, 
381, 481, 596 
Botrgtis allih 342 
Boutdom eludcus, 362 
Bouvardia bourardioUies, 360 
Brachdyma rohudumj 165 
Brachythecium Halebroaumi 164 
BrafiHicat evaluation of taxonoinie charac¬ 
ters of, 244*^281; key to cultivated spe¬ 
cies and varieties, 370; alba, 246, 266, 
273, 277, 371; alhogUihra, 247, 270; 
nrvensitf, 246; campentriH, 245, 247, 250, 
251, 257, 262, 266, 268, 269, 272-278, 
372, 376; var, annua, 245; var. erech- 
siliquoMQf 376; var. oleifrra, 245, 253, 
259, 261, 267, 371, 372, 374; var. rapifcra, 
245, 254, 259, 267, 374; raririata, 246, 
247, 250-253, 260-269, 27J-278, 371, 373, 
376; cernua, 245; chiurnMn, 246-249, 
254, 260-262, 264-266, 269, 270, 273, 276, 
278, 281, 370-372, 376; var. albiflora, 
254, 259, 265, 374; var. angmtifoUu, 
257-259, 265, 374; var. communis, 257, 
265, 374; var. pandvraia, 248, 250-254, 
257-259, 264, 265, 267-270, 273, 274, 
370-372, 374; var. pekin('nsi.s, 257—259, 
265, 273, 374; var. purpurea, 262; var. 
roffulariii, 248, 257, 259, 262, 374; ja- 
pomca, 247; Juncea, 205, 245-248, 254, 

256, 257, 262, 264-266, 271, 273, 276, 

277, 281, 371, 376; var. crinpifoUa, 

257, 374; var. gracilis, 253, 254, 256, 261, 
264, 265, 267, 269, 270, 222, 274, 276, 

278, 374; var. linearifolia, 248, 254, 256, 
257, 374; var. megarrhiza, §54, 265, 267, 
374; var. mulfiseeta, 256, 257, 374; var. 
oblanceolata, 256, 264, 265; var. ortho- 
ear pa, 248, 250, 251, 254, 264, 268, 276, 
371, 374; var. rugom, 256, 257, 265, 267, 
278, 374; var. tsafsai, 254, 256, 374; var. 
tumida, 253, 265; napella, 247, 248, 250, 
251, 268, 269, 272-274, 276, 277, 278; 
n^ipiformis, 262, 266, 275, 278; naprt- 
bramca, 266, 272, 274, 275, 278; napus, 
305, 245-247, 250, 231, 260, 264-276, 278, 
371, 376; var. annua, 245; var.^a/ipo- 
brassiea, 245, 254, 265, 267, 373'; var. 
oleifera, 245, 233, 261, 267^, 373; nart- 


nosa, 246; nipposinica, 246; nigra, 245- 

247, 250-264, 260, 262, 266-269, 271-278, 
371, 372, 376; oleracea, 245-247, 253, 
254, 257, 259, 264-270, 273, 278, 371, 
376; var, acephala, 245, 253, 267, 261, 

265, 267, 269, 272, 274, 275, 278, 373; 
var. alboglahra, 265; var. annua, 245; 
var. boirytis, 373; var. mpiiaia, 245, 
257, 265, 373; var. gemmifera, 245, 373; 
var. gongylodes, 245, 253, 257, 259, 265, 
267, 373; var. ifalim, 373; var. tapa, 
245; var. sabauda, 245; pehinensis, 246- 

248, 266; rapa, 245-247, 254‘, 257, 264, 

266, 267, 269, 273, 275, 370, 371, 376 
Brosimum alieastntm, 359, 460, 461 
Brown, Bahettk I.: Lippia laneeolata and 

other unusual ]>lants at (’‘ross Lake, New 
York, 42 

Bruehia donneUii, 157, 358, 162 
Bryum argtntrum, 157, 164; capillare, 164 
Bukll, Mi’rkav F. : Jerome Bog, a peat- 
ftlled ‘^Carolina bay,’’ 24 
Bumf ha euneifolia, 293 
Burstra arborra, 358, 457; laxiflora, 358 
Byrsonima crassifoha, 362 

Cahi parafHsis, 283 

Caesalptnia calatUnia 358; enostachys, 
358; platyloba, 358; septana, 128; 
Hcleroearpa, 358 
Calaihea atf. eyelophoro, 461 
Calluindra geniryi, 460 
(lalhenrpa eana, 588 

(’AMP, W, R.: On the use of artificial heat 
in tile preparation of luTbarium speci- 
lueiis, 235 

Campy hum ehrysojdiyJhnn, 164 
Campylopus frugdis, 160, 163; graeth- 

eauhs, BIO, 163 
Campylotropis polyantha, 127 
Caprifieus aspera latifoha, 317 
Carngana ehamlagu, 117 
(^arex anuf ctens, 204; seopana, 204 ; stnela, 
204 

(’arlton Clarence (’urtis, 1864-1945, 103 
Car pin us iurezaninovii, 122 . 

<’aryo}>hyllaceae, 326 

(’use of the vanishing Cicus raeemosa, 312 
Cassia biflora, 357, 358; emarginnta, 358; 
fecomosuehc, 357 

Casfanea molHssima, 114, 128, 129 
Castanopsis coneolor, 1,13; delaeayi, 113 
Castilla, 545 
Cafenaria angudhdae, 8 
Catherinaea maemdlani, 162 
Caihtsticum, sp., 362 
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Cavlerpa clavt/era, 75, 77, 78; oroitstfoliaf 
76, 78; frcycineiUiy 76, 78; laetivirens, 
76, 78; macrotUscat 77, 78; peltata, 75, 
78; var. macrodiHcaf 77; plumarutf 74, 
75, 78; raceniom var. clavifera, 74, 78; 
vat, laetivircfiSf 75, 78; selago, 76, 78; 
arrruJataf 76, 78; h( rtularmdcH^ 74, 76, 
78; taxifoluiy 74, 78 
CatilophyUvin ihahciroidfHf 64, 590 
Ceeropia, 545 

Cedrela smtasxH, 118, 120, 128 
Ctiha acuminata, 361, 456, 460 
Cclanfruu articulatuHf 121 
Celt IK stneiiKiK, 118, 127 
Cenianrtn niyva var. rndtafa, 589 
Chaitomorpha inflata, 74, 77; kfllemi, 77 
Cltantaecypans thifouieuj 28 
CUamatdaphnt catycntata, 28 
Chambf rlainta acuminnia, 164 
ChaHvnna clavifira, 74, 78 
Chfhdoninm nuijus, 64 
("liEVKKY, Rvlph Holt. Mpdieiiial her 
bat*eoU8 sjHK’iea m the nortbenMtern 
Tinted Htates, 60 
Chtmophtht nmheUata, 62 
(’hinn, Ki >«ipliaeeae of, 108 
ChionanihuK retusa, 116, 122 
Chtoraphora tiurtonay 358 
Thlorophveeae, Thilippiiie, 73 
Chi usophytlum, Soatb Amenean s^hhuch of, 
286; acminum, 289, 300; albipUum, 289, 
299; alnifohum, 310; amhfUinufolium, 
310; ampiifohum, 308; aipialwnm, 310; 
an narnim^ 291, 309; arqenieum, 289. 
297; autacoiarpKiu, 288, 291; auraftim, 
289, 298; var. moftts, 298; hrayibnisf, 
310; buiiu hootf K. HO; burauhun, 310; 
vat nil* um, 297; canuto, 288, 290, 305, 
311; cauniHenst, 310; ciarnisf, 294; 
cochitanum, 290, 305; erotfinoidis, 310; 
cuH< ifolunn, 287, 288, 291, 292; euKpi 
datum, 310; cytsunn, 294; dusenli, 290, 
300; tbinaci um, 303; vai. latifolium, 
303; \ar lonpifidium, 303; ^ar, oh 
VtrKum, 303; \ar, pt duncuJafum, 303; 
\ar. touK nto,sum, 303; lUyanu, 310; f.i 
ahum, 288. 289, 291, 292;’<.nmiMW, 310; 
fi rrupin< um, 306; jffnioKum, 291, 310; 
yardntri, 310; ylaht um^ 297; (flauascenK, 
310; glycyphUu um, 311; yonovaipum, 
289, 294, 3(»4, 470; (jranahuM, 290, 300; 
yrmebacfut, 302; ffinUrmimanum, 303; 
bumbohlimnum, 311; ihcuiidfH^ 302; 
nn/tur/ium, 297; imptriaU\ 287, 289, 
295, 296; inophylhmt 3U; inornaium, 
291, 309; januartCHKf, 291, 307; kluyn^ 


311; lanccolaium, 309; leptoearpumf 
311; UmgifoUumf 311; IncentifoUiiin, 
290, 304; hcumifoUumf 294; var. oh* 
fiwafam, 294; macoucoUf 311; rmcrth 
phylluiUy 311; ^mnglillOy 311; rmrgx- 
natum, 290, 301-304; var. margia&tiuii, 
302; var. obvemun, 302, 303; var. 
tomeatosum, 302; mar1iamm,^{)Z; may 
^noidcKy 302; a normalcy 302; p tcmcy 
302; var. myriifoUum, 302; melivoni, 
311; michino, 311; vunuhfolium, 311; 
myrtifohum, 302; nitidumy 289, 297; 
ohtumfohum, 294; oletfohum, 311, 468; 
oppOKitum, 311; ovale, 290, 304; parro 
forumy 311; parvulaniy 289, 299, 300; 
ptrfidumy 295; perKicautrumy 294; pn 
furn, 287, 288, 289; pNilophyllumy 297; 
pulchcrnmum, 291, 308; pumtiumy 311; 
f. glabrcKcenKy 311; pyrtforme, 311; 
ramiftorum, 311; rcticnlalumy 311; rcro 
lutuviy 289, 296; rufocupreum, 311; 
rufumy 291, 306; var. acuiifoUumy 306; 
schomburgLianum, 311; scrweum, 298; 
KCKsdiflorum, 311; ,sparKiflorumy 291, 
307; var. fagifohum, 307, 308; uplen 
dtns, 291, 308; tom< uloKum, 306; vfci, 
311; und<, 289, 295 
(liustpua Ufbmaniiy 360,’361 
Chytrahurm cndogyuumy 8; zooticim, 8 
Cimicifitga rarfmosa, 65 
Cituhona piiaip nsis, 61 
Cirnphyllum bosvti, 158 
Ci\Ku,s rhombifolia, 456 
dadoina cn^tatdla, 92; flondana, 592; 
giayii, 92 

Cladophora mauntiaiiay 75, 77; p^Uucxda, 
74, 77 

dadophoi'opKis sundantnsM, 76, 77 
Clasmatodon pan ulus, 158, 165 
Tlviskn, Robert T.: Dalca emphynodts, 
an invalid name, 572, Najan arguta in 
IViitral Ami’riea and it« relationship to 
,V. ivnghtiaua, 36.^, A review of the 
status of several Amenean species of 
l>aha. Si) 

CUthra ahnfoha, 28 
CUmaaum l'tndb(rgii, 158,164 
CmdosaduK anguKtidcns, 461 
Cochlospcnnum nitfoltum, 357-359, 456 
Codtum adhatrinK, 76, 78; dtchotonwmy 
74, 78; difformiy 76, 78; elongatum, 76, 
78; ovnli, 76, 78: 76, 78; fomfw- 

toKiim, 74-76, 78 

(Vlchieine, eff(H*t of on plant tissue, 34-39, 
167 

Colchwum autummie, 63 
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€0mhretum farinomm^ 358 
Compound leaf with annual increments of 
Ijrowtli, 542 

Co^ftrva littorali$y 73; aetom, 73, 74 
Ciynidiohohia brefeldianm^ 10, 11 
CoHvalhi'ia majalia, 62, 63 
Cimmttia sarioea, 368 
Copiia frifolia, 66 
Cordia alliodora, 358 

Cf^ntus diaai/tora, 458; txc(*lsa, 455, 458; 

atolonifem, 205 
Corpdalia montCHa, 461 
Caryl us heicrophylla, 114 
Comnos hipinnaia, 108 
Cat inns coggyriat 122 
Cautarea latiftora^ 358 
CmeUea glomerata, 323; moHis, 310, 323; 

racemosay 323; venosa, 90 
Crataegus HcahrifoVia, 111; sithmoUis, 205 
Crafaeva palmerU 358 
(^ROiirQriHT, Aethur: Htudies in the Sapotn- 
ceae—V. The Bouth American «j>ecicM of 
Chrysophytlum, 286; VI. Miscellaneous 
notes, 465 

CrotaUana mollicHla, 459 
Croton, 545; fragllis^ 358 
Cryphaea glomerata, 158, 159, 165 
Cucnrhita pepo, 108 
Cudrania tricuspidaia^ 120 
Cupania fulvUla^ 544; glabra, 461 
Cuphea procumbens, 457 
Curious fungus on Opvniia, 219 
(*urtis, C’arlton Clarence, 103; l)!hliographv, 
106, 107 

Cuscuia^ A now species of, 570; eaUformea^ 
571; colnniblana, 570, 571; * delioUles, 
571; graciUma, 570, 571; saecharata, 
570, 571; serrulata, 571; .serruloha^ 571 
Cyelophorua adnascens, 588; l^nceulaius, 
588 

CypripediuM hirsutumf 65; parviflorum, 
65; puhescenSf 65 
Cyrilla racemiforay 26, 29 » 

Cysfodietyon leelaneheriiy 75, 77 
Cytogenetics of Datura fastHosa L., 438 
Cytogeography of Emilia (^ass. in the 
Americas, 108 

Dalbergia Hissooy 127 

Dalea, Reveral American species of, 80; 
earthaginensiSy 572; suhsp. domingimalfl, 
572; snbap, thyrsillora, 572; subsp. 
tfpicRr *^72; domingensisy 80-85, 572; 
v»r. panel folia, 85; ompliysodaa, 84, 85, 
572;. an invalid name, 572; subsp. 
domlngaiuds, 85, 572; subsp. emphysodes. 


85, 572; 8ul>sp. thyrsiflara, 85, 672; 
enneaphylla, 85; floridana, 80; humUis, 
82-86; ineonspicua, 83; mierophyllay 84; 
scaadens, 83, 84; ihyrsifiora, 82, 85, 572; 
trichoealyx, 84, 572; vuifteraria, 84 
BastiirelU grewlae, 347, 348 
Datura arborescensy 438; fastuosa, 438- 
449; cytogenetics of, 438; var. alba, 439, 
441-449; sframofiium, 62, 63, 438, 439, 
442, 446-448 

Delaeroixia coronafa, 10, 11 
Delphinium ajacis, 65; vnr. alba, 65 
Dent aria diphylla, 590 
Dermonema dichotomum, 431; frappcriy 
431; graeiU y 431 

Dicentra canadenaisy 65; cucullaria, 65 
Dichonema erectum, 74, 78 
DicraneVa herminieri, 160, 163; hetrr- 
omalltty 92, 163; hilarianay 160, 163; 
mrUiy 163 

Dicranum bonjeauiy 92; eondensatum, 163 
Dietyosphaeria cavernosoy 75, 77; fandosoy 
75, 77 

Digitalis purpurray 61, 62 
Diospyros kaki, 128; lotus, 128 
Blplodn, 466; CUBpidfttum, 466, 467 
Dipterodendron elegans, 544 
Diirichum palHdumy 162; pusillinUy 92 
DoixiK, H. ().; A curious fungus on Opuntta, 
219. Self sterility in ^MnsexuaU’ hetero' 
caiyons of Xcurospora, 410 
Dodonea riseosa, 362 

DR^.rHSLKK, ('HARLKS: A iieinatodo-destroy 
iiig ]»hycomyeete forming immotile spores 
in aerial evacuation tuln^s, 1. A spwies 
of llarposporuim invading its nematode 
host from the stoma, 557 
Drosera anglica, 65; longifolia, 66; ro 
tundifolia, 66 

Dryopteris filu mas, 66; intermedta var. 

covcordiana, 594; marginalis, 66 
Dubaatia pUiniaginfa, 188-192; var. na 
gustifolia, 191, 192; var. chamissonis, 
188-192; var. glandidosa, 192; var. 
puuoaensisy 192, 193; var. sirigosa, 192, 
193; var, typica, 188 
Dumont fa cahadosii, 430 

Ecclinusa eximia, 310; klugii, 311; oppo- 
Elta, 311; ptuniU, 311; rami flora, 311; 
rnfoeiiprea^ 311; ulei, 311 
Ecerinia longa, 12, 13; moniliformis, 12 
Eifect of colchicine and acenaphthene in 
combination with X-rays on plant tis 
sue-^IT, 34; III, 167 
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Ktnbryological formulas hi plant taxonomy, 

asi 

Emilia, cytog<H>grapliy of, 18; eoceitua. 

18--23; sonMfoliaf 38-23 
EntffobryvH attenuaiun, 32; compretucuH, 
13; eleganit, 12, 33; i^piraliH, 32, 38 
Efttrmmorpha onniia, 76, 77; flejriwfta, 76, 
77; inteHimaUs^ 74, 76, 77; lingulata, 
77; yrolifern^ 76, 77 

Kntodon drummondii, 158, 304; (tfditciruK 
159, 164 

Ephemerum m<ga1oMponim, 363; aerratum, 
103 

Kquinetum arvcnnVf 219 
Erifjeron eanadenns, 06 
Erpodium bUenaiunt, 162 
Krysijiliaceae of (’hin.i, Further studies on, 

io8 

Krymphe richoraemrum, 108, 109, 111, 112, 
328; fuligxnta, 112; grnmtuis, 312; 
humuh, 108; japofuca^ 126; Jcoelreutmaf, 
125; lamprocnrpa, 111, 112; pfantaginiH, 
111, 112; p<dygou(, 113; var. epimedU, 
113, 110; tabad, 111, 112 
Krythea acuieaia, 361 
Eyythnna moniana, 459 
Eupafonuw prrfofwtum, 00 ; purpux nm, 
00; var, maculafum, 66 
Ktiphorhia aff. irtHmaruu^ 358, 359; niulfi 
formUy 185; fi'my\y 185 
KurhynHuvm hiauM, 104; rappn, 104; am 
nihitfim, 104; stnf/o,^Hm, !)2 
h'Miluation of taxonomie eharaeters of 
eultivated JirauMtea with a ke> to species 
and varieties—1, The characters, 244; 
II. The key, 370 
Kyi^i vhardtio rvtivuUiia, 468 

Eo 1) rov ta ra iv w c/n, 165 
Fag us japotuva, 121 

Fxskktp, Normvx Glyarm palluia ami 
a. frrnaldHj 403 
Fibroerntrum gUifftoriaitum, 295 
Ftcus Hubg. AVomorphe, 318, 319; hfHgal 
/Hsis, 89; carxea, 312; caudwiffora, 320, 
323; caulvbolrya, 80; rhitfagonga^ 323; 
runea, 314; drsemneana, 314; franguhna, 
317; garctar, 317; genindata, 87, 89, 90; 
ghtmerata, 312-328; var. rhiftagonga, 
318, 319; var. rlangata, 819, 820;' vai. 
poo/cjTcd, 319, 328; var. mtquehi, 819, 
823; var, moUm, 319, 820, 823; gooiertra^ 
31-9; indim, 86, 89; infeetoria, 86-90; 
laeor, 87-90; iauaeolata, 320; huoau 
taioma^ 88, 89; kueatoma, 88; /MCCAceaA, 
320, 323; minahass^<\ 317; mollis, 328; 


racemona, 812-322; case of the vanish" 
ing, 312; var, elongata, 822, 828; var. 
moUlB, 322, 328; var. typlea, 822, 323; 
var. vesoa, 822, 823; ngUla, 90; memo- 
oarpUf 317; surattensis, 86; var. mala- 
hariea, 86; irematotarpa, 814; iricho- 
earpa, 321, 323; tsjahela^ 80-90; varie- 
gaia, 317; vnuma, 80, 88-90; yesca, 320, 
323 

Field trip reimrts, 378, 379, 590-594 
Firmiana simplex, 118 
FtHsideuH adtantoides, 102; hushit, 102; 
minitfuliis, 162; osmundwides, 462; pel- 
lueifhts, 162; poly pod hides, 160, 162; 
raveuelii, 102; Hubhasilans, 162; sub- 
rrenatuM, 157, viridnlus, 162 
Foniinalis daleearliea, 16.5; distieha, 105; 
HitUivanlt, 158, 105 

Forssirofmia Inehomitna, 158, 105; var. 
immersa, 105 

Fouquiena macdougah. 302 
Fmxinus ehtuensis, 129 
Fueus deuticulafus, 73; idulis, 78; guUi- 
man, 73; nuiaus, 73; piohft^rns, 78 
Futiana flayicatis, 103; hyqrometyica, 168; 
Miyaia, 163 

Fungicides, physiological and bioclnmiical 
basis for leFwarch on, 339 
Further consideration of glandular leaf 
hairs of tobacco and (»f their significance, 
224 

Further sludit*s on the Fbysifduieeae of 
<3iina, 108 

Fusonum (Krysporum f. lyropt rsiei, 841. 343 

(iariya launfoha, 358, 360 
(ktulihiyia procumbens, 66 
UFA'TkY, lIovvAKi) S('OTT: Anonmlosteyos, 
a new' genus iu Om^urbitaceae, 565. Notes 
on the vegetation of Sierra Surotato iu 
northern Sinaloa, 4.1I. Sierra Tactiicha- 
imina—a Sinaloa plant lo<*ale, 856 
(it yatnum marulahim, 66 
(IILBKRT, WILI.IVM J.: Studies on PhiUp- 
pine riilorophyeeae—31. Survey of litera¬ 
ture and list of recorded species prior 
to 1940, 78 

(tiha aggyegata groiqi, 194; aggregafa, 
194-197, 391b 201, 202; subsp. maggre- 
qala, 198, 20(»-202; f. pulcheUa, 199, 
201; subsp. fomosissima, 196, 198, 201, 
202; f. aurea. 196, 201, 202; f. macuhfa, 
199, 201; nrtzontea, 196, 197, 200-202; 
affcw«a/«, 195, 190, 198, 201, 202; f. 
heUexl, 198, 201; f. vantrenala, 200-202; 
bridgeaU, 197, 201, 202; eondida, 195, 
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197, 200-202; f. leucaatha, 198, 201; f. 
BCiKdoSE, ]99, 200; Candida colUiia, 197, 
20J; Candida verOt 197, 200-202; oolkna, 
198; rttfera, 202; femituhay 195,199, 201, 
202; t. nuEcrosIphOn, 199, 201, 202; f. 
utaibeniis, 200 , 202; f. violaoea, 200 ; 
icmm, 195, 197, 198, 200-202; f. ftavida, 

198, 201, 202 
Glomerella crngulata, 343 

Glycena fernaldn, 463, 464; neogaca, 463; 
palUdUy 463, 464; var. fernaldn, 463; 
itincta, 463 

€k>nimoahaete, 14; borriduia, 3, 4, 15 

Gor(Ionia lasianthus^ 29 
Oognypium arhoreum^ 372; barhadensi, 
372; herhaceum, 372; hxrsuinm, 372 
Gottlieb, David: A physiological and bio¬ 
chemical liasis for re’joarch on fungicides* 
339 

Gnuna caffra(, 346; monticola, 346-348 
OfoHt^iilana domeattca, 314-316 
Guana rhopalovatpa, 542-546 
Ouauuma ulmifoha, 358 

Hmmatoxylon bramletlo, 358 
Halu'oryne wrightHy 75, 78 
Halimcda cuneatCy 74, 75, 78; dincotdfa, 
73, 74, 78; gtacdusj 75, 78; mavrolobay 
73, 75, 76, 78; opunitay 74-76, 78; lunOy 
75, 78; f. platydi^cay 73 
Uaplohymcnium 157, 160, 161, 164 

EaptogUma heifrohporay 8 
Harposponum anqmlhdaf, 1, 557, 559, 561, 
byumatonpoxumy 558; dicrrafiniu 559, 
563; hflicouhSy 557; oxycoracum. 559 
Hartmannia apcciom, 589 
Hfdeoma puUgioidcHy 63, 67 
HefianthuM annnuHy 132 
Bclmmthocladui calvadonHy 430, 433; d( 
vanoaiay 430, 431, 433; hudaoniy 434; 
papcnfuMsiiy 430, 433; purpiinay 433 
IlemcTovalUHy ty)>eH of anthf^is m, 134-154 
Hei barium specimens, artificial heat in the 
preparation of, 235-243 
Heterocaryosis, mating type factors, and 
sexual reproduction in Nevroupora^ 397 
BrierophyfUum haldaniauvniy 92 
Bxhiscuif mniabilifty 108; hynacutiy 108 
BomahthfCiella fahrofohay 158, 165; ^^uh- 
capiUaiay 164 

IJvrdevm vulgarfj 113, 559, 564 
Hydrastis canadenstSy 67 
Byoscyamus nigefy 62, 63, 225 
Hypericum perfohatumy 67 
Hypnum eupresstformt, 164; paticniiaf, 
164; praienscy 164 


Uypomyces solam f. euourbUac, 406, 407 
Hypoxylon pmvtaiutn, 594 

lUx glabray 29; laevigata, 29; lucida, 29; 

verticiUatay 205 
Impaticns balsaminay 108 
Imperatona ostruthium, 588 
Index to American botanical literature, 96, 
208, 327, 381, 481, 595 
Inga (rwcarpa, 460 
Imla hclentuniy 67 

Ipomnea arhon^ausy 358; var. paehylutecy 
456, 460; (hcasptrmay 459; hederaceay 
225 

Ipomopsis tuhray 202 
Ins v^rsicoloTy 67 
Ii(a virgimoay 29 

Jaeaxanda copaia^ 545 
Jatropha gossupifohay 588 
Jerome Bog, a peat filled ^‘Carolina ba.>,^’ 
24 

Juglans wa/ar, 460 
Julus martfinaius, 12 
Juncus (ffusuH, 204; ttnuiSy 204 
JrwT, TiiEoiHiRR. The use of embr>ological 
formulas in plant taxonomy, 351 
Juslicm Hoh lacfloiOy 300 

Kahnia anqustifohuy 29; lahfoiin, 205 
Klaprothra m* ninUouhSy 461 
Kochi lihrw bipinnaia, 125, 126 

Laciuca dibdiSy 111; stolonift xa, 589 
Lagersfrormtu uniica, 129 
Lantana horriday 358, Vflutina, 357, 358 
Lalhxpus liveanflius, 461; palustns, 113 
Li(rsia nrgtiiwa, 203 
L< mdiffocnt us fmnifanusy 457 
Lfmna m\not, 93 
LiusiicH biUdinOy 406, 407 
Leonuius sibincn. 111 
Lfpfodictyon npanum, 164 
Link (a ausfialiSy 164 
Lfucas cihaia, 129; idvanica, 111 
Lrucohrifum alhiduniy 163; glauonmy 163 
Leucoihm pdaccusy 158 
Levctllula iauncay 125, 128 
Devine, Mk'IIAEL: The effect of colclucnie 
and acenaphthene in combination witli 
X rays on plant tissue—II, 34; III, 167 
Ltagora fartn<miy 431; lubrway 420; cm 
ctdtty 433 

Ligusirum lucid urn, 129 
Ltndera viegaphylla, 117 
Lippxa lanceolaia and other unusual plants 
at (Voss Dake, New York, 92 
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Literature, Index to American botanical, 
96, 208, 327, 381, 481, 595 
Lifhoea/rpnif dealbaia, 109 
Lobelia inflata^ 67 
Lucuma palUdOy 467 
Lycntm chmeme, 129 
Lycopersieum eftcuientvvu 129, 499, 535 
Lycopodium elavafumt 07 
Lyonia Jigmirma var. fohosiflora, 29 
Lysdoma divancalum, 358; U'alsom^ 358, 
459 

Lythrum ml tear 92 

Macrosponum samnaeforme, 343 
Magnolia sehudeann, 458, 460; viripniana, 
29 

M\(JrmK, Baksktt: Htudies in the (’ary- 
opliyllaeeae—I, 326 

Maiikr, Hister Maria liAi’RKN(’E; The role 
of certain eiiviioiiinental factors in 
growth and iv])r()(luclioii of ProloHiphon 
botryouhn Klebs—I. Races, strains and 
clones, 573 

MoIhh iipt cfabiliH, 111 
Malra iKglrefa, 67; roiundifoha, 67; etrii 
cdlata, 129 

MauiUi'ani t maiginaia, 467; sul»h|>. haifi^th 
467; jaimigui subsp. emargiiiata, 
467; Hubsp. haitcnsis, 467; hulmp. jaimi- 
qul, 467; subsp. wrigbtiana, 467 
Miirania tn undinacfo, 461 
M\utin, J\mks S.: Noti'S on Tnfolium, 
366 

Matneann chamomda^ 67 
M VTZKF, Kdwin H.: ('ailton (larcnce 
^’urtis, IS64-1945, 103 
Macus n ptan,'i, 589 
Mtdicago rntiva^ 129 

Mi’dicinal herbaceous specii's in the north 
eastern T^nited Slates, 6(J 
Viutha piptnta, 68; ,spiea1a, 68 
Mi nyunUiid trifoUaia, 08 
Mirustaeinm asU ro^spi rmnm^ lO, 11 
Mktzkek, Jkroajk I Review I, 378 
M icrodici yon clal brat urn, 75, 77 
MicroplwliH guyant 311 
M urospbui ra ahuy 114, 115; var. deni atm, 
115; var. lud( nn, 118; aim caloela 
dophora, 115; benzoinisy 117, 119; ber- 
beridicola, 115, 116; herberidh, 117; 
blasity 117,119; bidenft^y 115; decawneaf, 
115; divancato, 115, 117; euphorbrncy 
118; gromdniWy 115, 117; loniceracy 
115; robiniae, 118, 119; mphorai\ 115, 
117; nmbihciy 118; tmn-bruntmna, 115 
Mimoftn palmeriy 358, 362 


Mitnulus verhenaceuiiy 461 
Mimusopn jaimiqui, 467; wrightianay 467 
Minutes of meetings of the Club, 93-95, 
207, 379, 380, 472-478 
MirabilU jalapa, 129 
Mitehella repensy 68 

Mitienothamnium diminufivum; 157, 160, 
164 

Mniym afflnCy 92, 164; euapidatum, 92 
Moldenke, Harold N.: Another station 
f4>r Lactuea stolomferay 589. New' and 
interesting plant records, 588 
Momordtca charaniiay 109, 129 
Monac’hino, Jorepii [Review], 205-207 
Montanoa paienHy 360; sp., 358 
Moriift alba, 128; auatraliSy 128 
Mosses of Georgia—II. The coastal plain, 
155 

MT’ENHf’HEB, W. Lippin lanceolata and 
other unusual plants at Cross Lake, New 
York, 92 

MMenbf rgta enursleyi, 361; gracihay 361; 

rigula, 459 
Myrien ctnfcra, 29 

Myr.sine grisebachtt, 302; marginatUy 302; 

mangUlla, 311; schomhyrgkiana, 468 
Myzoeyiurn venmeolnm, 8 

VrtKJA midtidentnta, 365 
Sama arguta, 363, 364; its relationship to 
.V. wnghiinna, 363; guadahiprnaiay 364; 
mitutr, 93; multaUntata, 3(^5; wrtghfiana 
siibsp. xnultidentata, 365; sui»sp. wrigbti- 
ana, 363-365 
.\a,sfurtinm officinah y 516 
Sx\iA)K, KRNt^T Minutes of meeting of 
the (’iub, 475 

\inmlion multifidinHy 430, 433; ramuloaum, 
420 

Nematode destroying phyeoinycete forming 
immotile s]u>res in aerial evacuation 
tubes, 1 

Xepeta eat ana, 68 

X( nnpapoia, heterocaryosis, mating-type 
factors, and s(‘\ual reproduction, 397; 
self sterility in “bisexual’^ heterocary- 
ons, 410; ernj>aa, 397-408, 410; aitophda, 
101, 404, 405, 410-416; telraapirma, 
397-408, 410 

New and interesting plant records, 588 
News notes, 379, 478-480, 594 
Xieotmna tabaenniy 111 
Nomenclatural notes and a new' species of 
Cnacuta^ 570 

Notes on the grasst's, sedges and rushes of 
the Great Swamp (New Jersey), 203 
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Nate« on the mosgee and lichens of the 
Great Swamp (Kew Jersey), 1^1 
Notes on the vegetation of Sierra Surotato 
in northern Sinaloa, 451 
Notes on three South African rnsts, 346 
Notes on Ttifolium^ 366 
Noteworthy plants of Texas—V. Additional 
Psoraleae, 131 

NffcteriHitiofi argvnieiim^ 300; ferragineumy 
306 

Nyssa hi flora y 29 

Oenothera lamarckianOf 499, 516 
Oidiumy 129 

On the use of artiflclal heat in the prepara¬ 
tion of herbarium specimens, 235 
Opnntiay A curious fungus on, 219; am- 
mophilay 219-223 
Oreopanax peltatvniy 460 
Origin of the microsporangiuiii of Pst ado 
Uaga, 547 

Ostrya virginianay 458, 460, 461 
Oxalin cornienlata, 130 
Oxy three axnbelantlfolia, 310; fabrdis, 
467; ferreirli, 468; glancescens, 310; 
hahntanamy 467; lepioearpa, 311; paJ> 
lida, 467; schombnrgkiaxia, 468 

Paehyetrrus peefen-aboriginum, 359 
Panax psrudo-ginMeng, 130; qainguefoUamy 
68 

Pan?e«ni agrontoidcH, 92, 93; dichoimnum, 
203; Hndheimeri var. fascicaJatamy 204; 
microcarpofty 203 
Papaver mmniferam, 454 
Papenft'sh, Oeoroe P.: Projiosed names 
for the phyla of algae, 217. Structure 
and reproduction of TrirJtoglota requt 
enhy with a comparison of tlie genera of 
Helminthoeladiaceae, 419 
Parataeniella inter media, 13 
Paroisela cart hag inenMisy 572; domingfnHtHy 
80-85; emphysodcHy 85; enneandra, 133; 
ftoridavay 80-85; hvmiliit, 85; tasi- 
antheray 133; pogonaihera, 133; ihyrsx- 
fioray 84, 85; valkexae, 133 
Paspalmn pitcatuniy 457 
Pauiofvnia fomentosay 118, 128 
FedilanthUn luhescenSy 358 
Pella rihesioUltity 86, 88 
Perononpora tahacinay 417, 418 
Pernea pubeacerufy 29, 32 
Persicaria languteiai 588; tomenionay 588 
Perymenitm sitnophyllimy 460 
Phaeopsitf montanay 186 
Phakopftora grewiae, 347, 348 


Phenax hirttM, 359 

Philonot'm glaucescenny 164; longiMcta, 164 
Phycomyces blakesleeantia, 478 
Phyeomycete, nematode-destroying, 1 
Phyllactinia coryleoy 121, 125, 126, 328, 
129; var. mibapiraliSy 126, 127; imperi- 
aha, 129; utafmoniiy 128, 129; mtbMpiralisy 
126, 127 

PhylloHtegia glabra, 186; yamagvehuy 186 
Phyncomitnum lurbinatam, 163 
Physiological and biochemical basis for 
research on fungicides, 339 
Pwea canadenaia, 205 
Picramnia antidesma, 460 
Picraama qaaftttioidesy 114 
Pteria mariana, 29; ndidOy 29 
PinuH ayacahuifay 458; lumholtctty 458; 
macrophyllay 458; oorarpUy 458; pahts- 
iriiiy 25; psendoalrobaHy 458; strofnuty 
28; sirobaa, 205 
Pmonta eapitatOy 358 
Putam Hativum, 113 

Pithecolobfum sonorae, 358; torfnm, 358 
Plagiothvciam geophilamy llM; micaaSy 158, 
164 

Plant ago major, 111, 112 
Ptaianan racemoHa, 460, 461 
Ptatygyriam repens, 157, 160, 161 
PUciranthaa erweafyx, 113 
Pit cl lift parvuify 563 

Pieuridtam raventhty 162: *^fihalataiay 16)2, 
592 

Pfameria ruhrOy 359, 361 
Poa compresmy 203 
PodophylUnn pelt at a m, 68 
Podoaphat ra leacotrichay 111 : tixyaeanthtu , 
111; tridactyta, 111 

Pogoaatam hrachyphiftlam, 158, 162; ptn 
xdvanicimy 162 
Pohita naianHy 92 
Polygala nenega, 68 
Potygonim nodosatUy 113 
Polyphym 75, 78 

Potypodiam virgnnanam f. ramhneoidesy 
594 

PolytrichH7ik com manCy 92, 157, 162; pdi- 
feram, 92 

Pop uluH fii mon ti, 114 , 12 (» 

Poateria cayennenai/f, 310; rrotonoidt Sy 
310; engleriy 310; gardnerty 310; infteaOy 
470; macrophyllay 311; minafifloroy 311; 
obacura, 470; pallidUy 467; reiiculalay 
311; snbseasilifoUa, 468, 469; trllocu- 
laris, 469 

Pxndoma glycyphloea, 311, 47(», 471; i«- 
ophylla, 311; laeicHoenHy 310; mntisli, 
470; HchomhurgJciana, 311 
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Pnncipia utUia, 128 

Proi'e^ingfl of the Club, 93, 207, 379, 380, 
472-477 

Proposed imines for the phyla of algae, 217 
ProiaHCkts svhHhformx^y 9 
ProtoMphon botrjfoideH, environmental fac 
tors in growth and leproduction of, 573- 
387 

Prunella vulgann^ 400 
PrunuH cortopieo, 360; permca. 111 
Pueudotsuga, origin of the mierospo 
rangium of, 547-356 
Pnidium molle, 362; sariorianum, 338 
PtiitiacavfhuA macraniheru8f 461 
pMornUa carihaqi'iu uhih, 372; emphguoth h, 
84, 85, 572, humdiu, 84, 85; ovadenlahs, 
84; phymatodes^ 84, 83; t<ean(hnu, 83 
i^soraleao of Texas, 131 
Psorahdutw floiibundum, 132, htnan 
folium, 132; var, palodnrense, 132; \ar. 
texense, 132; obtustlobvm, 132; ttnui- 
floium, 132; yoongiae, 131 
PUndium lattiMCulum, 28 
Pfi rocatifa struoptera^ 128 
Piifehnmiirinm drummondn, 138, 163; in 
euram, 163 

Puitana yunnamnisiH, 119, 127 
PifUis iMihay 128; Mrotina, 128 
Pifthium arrhenovuints^ 339; uliimum, 1; 
iiudulatum, 1 

Quaeus atboaucto, 302, 460; 

111, alitnfa, 128, hatoni, 126; candi 
cousy 458; eahtibati, 23; chihvahuinnH, 
362, 460; ddavayi, 109; dunpdia, 438; 
mdltchiann, 138, fptUura, 458; fabn, 
114, 121; goitryi, 438; glauea, llO; pah 
It set n V, 438; pt unatn m, 138; .sehotfl y 
ana, 113; iuberculata, 460 

Kauunruiw^ fivana, 390 
Hvpi% 3 \nkt li. i\ Notes on the glasses, 
sedges and rushiw of the Orent Swnm]> 
(New Jersey), 203, Notes on the mosseh 
and hehens of the (heat Swamp (New 
Jetsey), 91 

K\er, Willi\M F.: Notes on the grasses, 
sedges and rushes of the Great Hwainp 
(New Jersey), 293» Notes on the mosses 
and lichens of the Great Hwamp (New 
flei8e>), 91 

Havfneiia nfridit^, 346; boitomh yai, 348 
Hanwardtia fngyui, 128 
Keinarks upon certain Tlawaiiaii Labiatae 
and <'*omi>o8itae, 184 
Hmajm pfduneulaia, 61 


Review of the status of several Ametiean 
species of Dalea^ 80 
Reviews: 

A catalogue of Illinois algae, 378 
Plantas medieinales, aromaticas o vene- 
uosas do Cuba, 205-207 
Turtex microscopy booklet, 480 
nhabdtfis, 557-564 
Rickett, H. W.: Kditorial note, 91 
ffaphaniMfrum inorvum var, albums 589 
Plnzogonum Hpintfonne, 100, 164 
Bhododendrum caroUnmnum, 205; inoj-i 
mum, 205 

Bhoietiutiit* rrjiutala, 349; holirayi, 349; 

rhomboidra, 349 
Bfttis allophyllOlden, 459 
Rhynehoniegiella georgiana, 162, 164 
Ricinus cotaniaais, 545 
Bobinui put udo-acacw, 118, 130 
Role of eertain environmental factors in 
growth and reproduction of Proioatphon 
botiyotden Klebs—I. Races, stiains and 
clones, 573 

Rosa enntna, 68; eentifoha, 109; multi flora, 
109, rugosa, 109 
Rubia onrotrwa, 330 

Kuhns alUffhfniniitin, 69; canadenmn, 69; 
idatuH, 69; vai. oeuleatinnimun, 69; oca 
dfuiolin, 69; stugonun, 69 
Burnt f ennpuh, 69; obtimfoUus, 69 
Rusts, South African, 346 

Sabat rosa, 361 

St John, IIvkolo. Timan plants collected 
bv R. S. (’owan, 388 
8 o/i7 ualhchiana, 120 
Salria offleinnliK, 02, 63 
Samhucus adnata, 113; elunnms, 117; 

japonica, 117; ravf mom, 59(> 
Sangmnana eanadentoH, 69 
S\Nb.0Mi-, Eva Richardson : Heteroeary 
osis, niatmg type factors, and sc^xual 
repioduttion in Ni utospota, 397 
Sarraeenia purpurta, 28 
Sapota gonoeaipa, 294 
Sapotaceae, studies in,—V, 286; VI, 465 
Sarmulun brautbcnmn, 310, 311 
Stunfraga rtrginunnin, 590 
Schlotht imw uiilttvaHtu, 158, 1(53 
SdlOKNUFRKT, RCTH O.: The mosses of 
Geoigia—IT. The coastal plain, 355 
Sehwi tHchl'eopHiH dentivulaia, 158, 165 
iScMiromtuwi It scum, 158, 164 
Scirpus amrrtcanuH, 92; airortrens, 204 
Scbrfdinuii fructieola, 340, 343 



616 


BTTLirETlN OF THE TORREY CLUB 


|Vor» 73 


Scdum fvlrheUufn^ physiological and naoT' 
pUologieal comparison of diploid» totra- 
ploid; and hexaploid races, 495 
Self-sterility in *' biseatual * ^ heterocaryona 
of Neurospora, 410 
Semaiophylhm adnaium, 104 
Senecio aureujt, 69, 592 
Sequoia sempcrvirenu, 479 
Semmnm mdicum, 225 
Shakma, a. K.: (\ytogonetics of Datura 
fasim$a 1^., 438 

Bhjirff, Karl Edward: Remarks upon cer¬ 
tain Hawaiian Lahiatae and Compositae, 
184^ 

Sicyoft andreanusj 509; fnmforum, 509; 
macrocarpm, 569; martit, 569; patma 
tUobuMi 569; qmnquelohaius, 569 
Sxd^tojLylon hohvianum, 294, 470; rritett- 
latum, 294 

Siegesbeckia oruntaha, 130 
Sierra Surotato, vegetation of, 451 
Sierra Taeuielmniona—a Sinaloa t)lant 
locale, 356 

Stnapis alba, 245, 240, 248, 250-253, 201, 
262, 266-269, 271-277, 371, 376 
Simarouba amara, 544 
Sister Maria I.AraENOE Maher: The role 
of certain environmental factors in 
growth and reproduction of Vroiomphon 
boiryoides Klehs—I. Races, strains and 
clones, 573 

Smyrinchium amorncum, 460 
Skierlca robuuia, 349 

SKi Tt H, Alexander F.: A comjmuud leaf 
with annual increments of growth, 542 
Sloanea emarffinata, 467 
i^milax laurifolia, 28. 29 
Smith, Harriet E.: S^dum pnlrlullum: a 
physiological and morphological compari 
son of diploid, tetraploid, and Hexaidoid 
races, 495 

Solanum amazonium, 358; dulcamara, 69; 

lycopermeum, 499, 535; nigrum, 499 
Solmsiclla biscrraia, 102, 163 
Sonchus arvcnniit, 111, 112; oleraoca, 130 
Sophora ^ctponica, 121, 130; victifolia, 130 
Spathodca campantdafa, 544 
Species of ffarpoffporium invading its 
nematode host from the stoma, 557 
Sphacrofheca fuliginca, 108-110; humuh, 
109, 110; lanesiriH, 109, 111, 116; pan- 
nosa, 109, 110; wnghtn, 110, 111 
Sphagnum evttpidahm, 165; cyclophyUum, 
165; henryense, 158, 165; macrophyllum, 
358, 165; magcUanwam, 165; palmtrc, 


365; portoucenHf, 158, 165; rccurvnm, 
165; Hind urn, 165; mbHicuntUm, 165 
Spiraea ulmaria, 230 
Spondias luiea, 545 

Sporangittl propagation of blue mold fun 
gus on nseptically grown tobacco seed¬ 
lings, 417 

Spnmula bottomleyae, 347; clcuunmar, 
349; quadnfida, 349 

Steinberg, Robert A.: Sporungial propa 
gation of blue mold fungus on nseptically 
grown tobacco seedlings, 417 
Stenogyuf kaalac, 186; vnr, conacra, 186; 
mollis, 185, 186; rugosa, 185-188; vnr. 
wolhu, 185; \ar. Hubulata, 18<)—188; 
sherffii, 186 

Sttrfocaulon pUtafum, 594 
Stoi t, a, B. : Types of anthesis in Uenu rit 
calliM and their heredity Ui F, hybrids, 
134 

StreptoHonum agde, 13 
Structure and reproduction of Tnchoqloui 
nquu’nu, with a comparison of the 
genera of Helminthoeladuicene, 419 
Studies in the <'aryopliyllaceae—T, 326 
Studies in the Sajiotaceae—V, 286; VI, 465 
Studies on Philippine C’hlorophyeeae--! I, 
73 

Styrax argtniaiH, 458, 461 
SrN, Von <5er: Evaluation f»f taxonomic 
characters of cultivated Bratissica with a 
key to specuii and varieties—T. Tin* char¬ 
acters, 244; II, The key, 37(» 
SymplocarpuH fodtriuH, 69 
Syrrhopodon flondanuft, 363; hgulatus, 157, 
159, 160, 163; texantu*, 158, 163 
SyzygwpHiH oppoHiUfoha, 471; sericea, 471 

Tabebuia chriptaniha, 358; /m/won, 357, 
362 

Tai, i\ L.: Further studies ou the Ery 
siphaceno of Fliina, 108 
Taraxacum officinale, 70, ,128; oruntah, 
108 

Taxonomy, embryological formulas m, 351 
Tttraplodon pcmylvanicuii, I,58, 159, 163 
Thalirtrum ddavayt, 113; rdiculatum, 113 
Tharp, B. C.: Noteworthy plants of 
Texas—^V. Additional Psoraleae, 131 
ThclantoHomim aitenuatum, 13 
Thelia aupreVa, 164; htrDUa, 158, 164 
TamoMALAimR, M, J.; Notes on thnn* 
South African rusts, 346 
Thuidxum dclicatulam, 165; microphylhm, 
165 
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Thymus srrpyllvnu 70 
TiUandsui inflata, 45{5 
Tiniau plants eolle(‘t<?d by R. B. Cowan, t'iSS 
Tobacco, glandular loaf hairs of, 224-233 
Torroya, 91, 203, 378, 472, 588 
Torreya tajiifolia, 552 
forfeit a humths, 163 
Torfula payorum, 160, 163 
Tradescautw rannheutata, 499; occidfnia 
Jis, 499 

Tretopileus opunUae, 219-223 
Tnohodfrma vindi, 342 
Tnehoyloffi lithnca, 419, 420, 422, 423; 
nqinetni, 419-436; sttucturo and repro 
duetion of, 419; suhvuita, 419, 420, 422, 
423, 425, 427-430, 433 
Tnfohum, notos on, 366; gytiinocurpon, 
366-368; \ar. gymnocarpon, 366, 367; 
f. plumnitrof, 368; \ar. pltunmerae, 36f)- 
368; var. xubcnulr^cens, 366; Itvimom, 
366; phimnurat, 366, 368; ptumosum, 
367, 368; \ar. ampUfollnm, 368, 369; 
\ar. ptumoHum, 368; pratrnse, TO 
Triltium (nctum, 70 
Tnodui 203 

Irip^aeum daeftftotdc<, 594; laurfotatum, 
361 

Tnfirum arsimim, 113 
7 nitmfrtia ehihuahncn^XH, 459, 460 
'Propaeolum majut*, 128 
Tisuqa ranad4nHts, 205; amdintauumf 205 
7 urpinui occuU nialiH. 545 
7 farfara, 70 

Tvpcs of nnthcsis in JlnntutcalUs and their 
heredity in F, hybrids, 134 
Tuphulochof ta japonten, 125, 126; koelreu* 
teriana, 125 

Vdoteo aiffentta var. spuntosa, 76; fiiibd 
turn, 76>, 78; orunlalts, 76, 78; t,ifrdtda, 
74, 78 

VtmuH pnmilay 118 

Viva compr^mi. 73; taefueuy 76, 77; xntfhti 
mdiH, 73, 77; rtticulata, 73-77 ; umbth 
aihs, 73 

Uncinnla acalyphae, 116, 123, 124; acens, 
124; australtnna, 125, 129; hutbosay 125; 
carpintcolay 122, J23; ct drela*, 120; 
etandesitnay 124; obwtowfi, 1.18, 125; 
eurvispom, 121; dilavayi, 118-120, 125, 
130; vnr. oadrelae, 11», 125; viir. ttodu- 
losae, 120, 125; rhreiiiiey 123, 125; 
fraTiniy 124; p*niculatay 122; kenjianay 
118. 124; koelreuienae, 121. 125, 126, 
130; mandshurtm, 120, 121; mtyabet. 


120, 125; var. aieurifts, X25; wort, 125; 
ffanktnenstSy 124; necafoKy 124; pot?/* 
rhaefay 126, 127; polyfiday 124; saheUy 
120, 121, 125; milias-gracilistplaey 125; 
t^engokitiy 121, 125; nepiafay 121, 124, 
126; shtraiam, 126, 127; slmulaitSy 124; 
HtnensiMy 121, 122, 124; iulasnti, 124; 
rernietferaCy 116, 122^ 123, 125; yunnan- 
fftsiH, 123, 125 
Vncmvlelta curviMpora, 121 
rncxnulopfdH polychaetay 119, 126; slurm 
ana, 126; Hubspiratih, 125 
Vrfdo gremae, 347, 348 
Vtena lohafa, 130 
Vrfra rarar<u%ana, 359, 360 
Vrgin<a mantima, 62, 63 
Vrostigma caulobotryum, 86, 89; ceifJo 
nensf, 86, 89; mfeetnriim, 86, 90; tucis- 
cens, 320, 323; ngidum, 90; fsfahttn, 
86, 89 

Vriica angustifolui var. ahbrfnata, 130 
Tse of einbrvologieal formulas in plant 
taxonomy, 351 

Vacrtnutm aii.sfrale, 29; corymbosum, 205; 

rra^HtfoJtumy 29 
Valniana ofdcxnatis, 62, 63, 73 
Vatonia fasfigiata, 75, 76, 77; maerophysa, 
74, 75, 77; uincidaris, 74-77 
V( rat rum iind(, 70 

Vfrhascuw phlonwides, 70; thapsiHi. 70, 
230 

VdbfUti ha^>ta1a, 70 

Vnoniea vhamaedrys, 591; humifusen, 591; 
pi rsirUy 589 

Virburnum dentatxim, 205; nudum, 29 
Vtcia dohycarpa, 113; errxlla, 113; faba, 
113; grandiftox'a var. hordtda, 588; 
moatha, 113; safira, 113; lernspfrma, 
113; imtjiign, 130; rdtosay 113 
Vfgna snunshs, 130 

Vxola btanda, 590; hastatay 592; lancio- 
lata, 592; ntomexieana, 461; pal mat a, 
590; pntnifoha, »592; rostrata, 590 

W \LKEK, K«bkrt II.: Additional introduced 
plants in the Aleutian Islands, 204 
Witsta vxn'dtdUy 158, 163 
fVrtwit,veftia nurabihs, 545 
Wherry, Ebo\r T.: The Oilta aggregata 
gnmp, 194 

Wolf, Prederiok A.: Further considera¬ 
tion of glandular leaf hairs of tobacco 
and of their signi^cance, 224 
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colchicuke and nceimphthone on plant Xenohia cMsinefolvat 28, 29 
Hsaue, 34-59, 167 ^ fattfolutf 461 
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